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TITLE OF THE INVENTION 

SEMICONDUCTOR DEVICE, METHOD OF MANUFACTURING SAME 
AND METHOD OF DESIGNING SAME 

BACKGROUND OF THE INVENTION 
'Field of the Lavention 

The present invention relates to a semiconductor device having an SOI 

structure. 

Description of the Background Art 

Referring to Fig. 102, a background art semiconductor device having an SOI 
structure comprised of a silicon substrate 1, a buried oxide film 2 and an SOI (Silicon On 
Insulator) layer 3 has been constructed such that a full oxide film 32 completely isolates 
transistor formation regions in the SOI layer 3 from each other. For example, a single 
NMOS transistor formed in an NMOS transistor formation region has been completely 
isolated from other transistors by the full oxide film 32. In the semiconductor device 
shown in Fig. 102, an interlayer insulation film 4 covers the SOI layer 3. 

As shown in Fig. 102, the single NMOS transistor completely isolated from 
other transistors by the full oxide film 32 comprises a drain region 5, a source region 6 
and a channel formation region 7 which are formed in the SOI layer 3, a gate oxide film 8 
formed on the channel formation region 7, and a gate electrode 9 formed on the gate 
oxide film 8. An interconnect layer 22 formed on the interlayer insulation film 4 is 
electrically connected through a contact 21 formed in the interlayer insulation fihn 4 to 
the drain region 5 or the source region 6. 

Thus, the background art semiconductor device having the SOI structure in 
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which devices (transistors) are completely isolated from each other in the SOI layer is 
constructed to provide complete isolation between PMOS and NMOS transistors to 
prevent latchup in principle. 

Therefore, the manufacture of a semiconductor device having the SOI structure 

5 and including CMOS transistors has been advantageous in that a minimum isolation 
" width determined by the micromachining technique may be used to reduce the area of a 
chip. Such a semiconductor device having the SOI structure, however, presents various 
drawbacks resulting jfrom a so-called floating-substrate effect, such as a kink effect 
caused by carriers (holes for an NMOS transistor) generated by impact ionization and 

10 stored in the channel formation region, the degradation in operation breakdown voltage, 
and the frequency-dependence of delay time due to the unstabilized electric potential of 
the channel formation region. 

SUMMARY OF THE INVENTION 

15 A first aspect of the present invention is intended for a semiconductor device 

having an SOI structure including a semiconductor substrate, a buried insulation layer and 
an SOI layer. According to the present invention, the semiconductor device comprises: 
a plurality of device formation regions in which predetermined devices are to be formed 
respectively, the plurality of device formation regions being provided in the SOI layer; at 

20 least one isolation region provided in the SOI layer for insulatively isolating the plurality 
of device formation regions from each other; and a body region provided in the SOI layer 
and capable of externally fixing electric potential, wherein at least part of the at least one 
isolation region includes a partial isolation region having a partial insulation region 
formed in an upper part thereof and a semiconductor region formed in a lower part 

25 thereof, the semiconductor region serving as part of the SOI layer and being formed in 



contact with at least one of the plurality of device formation regions and the body region. 

Preferably, according to a second aspect of the present invention, in the 
semiconductor device of the first aspect, the plurality of device formation regions include 
a plurality of first device formation regions for a first device, and a plurality of second 
device formation regions for a second device; the at least one isolation region further 
includes a complete isolation region having a complete insulation region extending 
through the SOI layer; and the partial isolation region includes first and second partial 
isolation regions. The plurality of first device formation regions are isolated from each 
other by the first partial isolation region, the plurality of second device formation regions 
are isolated from each other by the second partial isolation region, and the plurality of 
first device formation regions and the plurality of second device formation regions are 
isolated from each other by the complete isolation region. 

Preferably, according to a third aspect of the present invention, in the 
semiconductor device of the first aspect, the plurality of device formation regions include 
a plurality of device formation regions for a first circuit and a plurality of device 
formation regions for a second circuit. The plurality of device formation regions for the 
first circuit are isolated from each other by a complete isolation region extending through 
the SOI layer, and the plurality of device formation regions for the second circuit are 
isolated from each other by the partial isolation region. 

Preferably, according to a fourth aspect of the present invention, in the 
semiconductor device of the third aspect, the SOI layer includes first and second partial 
SOI layers, the first partial SOI layer being less in thickness than the second partial SOI 
layer. The plurality of device formation regions for the first circuit are formed in the 
first partial SOI layer, and the plurality of device formation regions for the second circuit 
are formed in the second partial SOI layer. 
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Preferably, according to a fifth aspect of the present invention, in the 
semiconductor device of the first aspect, the plurality of device formation regions include 
a device formation region for a predetermined circuit, and a device formation region for a 
circuit other than the predetermined circuit. The device formation region for the 
5 predetermined circuit and the device formation region for the circuit other than the 
predetermined circuit are isolated from each other by a complete isolation region 
extending through the SOI layer. 

Preferably, according to a sixth aspect of the present invention, in the 
semiconductor device of the first aspect, a device formed in a device formation region 
10 isolated by the partial isolation region among the plurality of device formation regions has 
an active region formed at a depth from a surface of the SOI layer shallower than the 
depth at which the partial isolation region is formed. 

Preferably, according to a seventh aspect of the present invention, in the 
semiconductor device of the first aspect, the semiconductor region includes a polysilicon 
15 region. 

Preferably, according to an eighth aspect of the present invention, in the 
semiconductor device of the first aspect, the partial insulation region includes a low 
dielectric constant film having a dielectric constant lower than that of the buried 
insulation layer. 

20 Preferably, according to a ninth aspect of the present invention, in the 

semiconductor device of the first aspect, the partial insulation region includes a partial 
insulation film provided at least at a side surface, and a low dielectric constant film 
provided in other regions and having a dielectric constant lower than that of the partial 
insulation film. 

25 Preferably, according to a tenth aspect of the present invention, in the 



semiconductor device of the first aspect, the at least one isolation region includes a 
plurality of isolation regions, and at least one of the plurality of isolation regions has a 
predetermined width and extends substantially perpendicularly to a surface of the 
semiconductor substrate. 

An eleventh aspect of the present invention is intended for a semiconductor 
device having an SOI structure including a semiconductor substrate, a buried insulation 
layer and an SOI layer. According to the present invention, the semiconductor device 
comprises: a plurality of device formation regions in which predetermined devices are to 
be formed respectively, the plurality of device formation regions being provided in the 
SOI layer; at least one isolation region provided in the SOI layer for insulatively isolating 
the plurality of device formation regions from each other; and a body region capable of 
externally fixing electric potential, wherein the body region is formed in contact with one 
of top and bottom surfaces of at least one of the plurality of device formation regions. 

Preferably, according to a twelfth aspect of the present invention, in the 
semiconductor device of the eleventh aspect, the body region is formed in an upper 
portion of the buried insulation layer and in contact with the bottom surface of the at least 
one of the plurality of device formation regions. 

Preferably, according to a thirteenth aspect of the present invention, in the 
semiconductor device of the eleventh aspect, the body region extends through the buried 
insulation layer and is in contact with the bottom surface of the at least one of the 
plurality of device formation regions. 

Preferably, according to a fourteenth aspect of the present invention, in the 
semiconductor device of the eleventh aspect, the body region is formed on the at least one 
of the plurality of device formation regions and in contact with the top surface of the at 
least one of the plurality of device formation regions. 
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Preferably, according to a fifteenth aspect of the present invention^ in the 
semiconductor device of the first aspect, at least part of the at least one isolation region 
further comprises a combined isolation region including the partial isolation region and a 
complete insulation region extending through the SOI layer, the partial isolation region 
5 and the complete insulation region being continuous with each other. 

Preferably, according to a sixteenth aspect of the present invention, in the 
semiconductor device of the fifteenth aspect, the partial isolation region has a flat and 
even top surface. 

Preferably, according to a seventeenth aspect of the present invention, in the 
10 semiconductor device of the fifteenth aspect, the semiconductor region of the combined 
isolation region has a thickness which is not greater than one-half the thickness of the SOI 
layer. 

Preferably, according to an eighteenth aspect of the present invention, in the 
semiconductor device of the fifteenth aspect, the complete insulation region of the 

15 combined isolation region has a width which is not greater than one-half the width of the 
combined isolation region. 

Preferably, according to a nineteenth aspect of the present invention, in the 
semiconductor device of the first aspect, the at least one isolation region further includes 
a complete isolation region having a complete insulation region extending through the 

20 SOI layer. The plurality of device formation regions include an input/output NMOS 
transistor formation region and an input/output PMOS transistor formation region which 
are disposed adjacent to each other. The complete isolation region is formed at least in 
the vicinity of a boundary between the input/output NMOS transistor formation region 
and the input/output PMOS transistor formation region. 

25 Preferably, according to a twentieth aspect of the present invention, in the 
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semiconductor device of the nineteenth aspect, the plurality of device formation regions 
further include an internal circuit formation region disposed adjacent to one of the 
input/output NMOS transistor formation region and the input/output PMOS transistor 
formation region. The complete isolation region is further formed in the vicinity of a 
5 boundary between the internal circuit formation region and one of the input/output 
NMOS transistor formation region and the input/output PMOS transistor formation 
region which is disposed adjacent to the internal circuit formation region. 

Preferably, according to a twenty-first aspect of the present invention, in the 
semiconductor device of the first aspect, the at least one isolation region further includes 

10 a complete isolation region having a complete insulation region extending through the 
SOI layer. The plurality of device formation regions include an NMOS transistor 
formation region and a PMOS transistor formation region which are disposed adjacent to 
each other. The complete isolation region is formed in a complete isolation region 
formation location situated within the PMOS transistor formation region in the vicinity of 

15 a boundary between the NMOS transistor formation region and the PMOS transistor 
formation region. The partial isolation region surrounds the NMOS transistor formation 
region and the PMOS transistor formation region except in the complete isolation region 
formation location. 

Preferably, according to a twenty-second aspect of the present invention, in the 
20 semiconductor device of the first aspect, the at least one isolation region further includes 
a complete isolation region having a complete insulation region extending through the 
SOI layer. The plurality of device formation regions include a MOS transistor formation 
region. The partial isolation region is formed in a partial isolation region formation 
location situated at least in the vicinity of a first end of a gate electrode of the MOS 
25 transistor formation region. The complete insulation region surrounds the MOS 



transistor formation region except in the partial isolation region formation location. 

Preferably, according to a twenty-third aspect of the present invention, in the 
semiconductor device of the first aspect, the plurality of device formation regions include 
a transistor formation region of a first conductivity type. The partial isolation region 
includes a peripheral partial isolation region surrounding the transistor formation region. 
The body region includes a peripheral body region of a second conductivity type 
surrounding the peripheral partial isolation region. 

Preferably, according to a twenty-fourth aspect of the present invention, in the 
semiconductor device of the first aspect, the plurality of device formation regions include 
a MOS transistor formation region. The body region includes an adjacent-to-source 
body region disposed adjacent to a source region of the MOS transistor formation region. 
The semiconductor device further comprises an electric potential setting region 
commonly connected to the source region and the adjacent-to-source body region. 

Preferably, according to a twenty-fifth aspect of the present invention, in the 
semiconductor device of the first aspect, the semiconductor region of the partial isolation 
region includes first and second partial semiconductor regions. The impurity 
concentration of the first partial semiconductor region is higher than that of the second 
partial semiconductor region. 

Preferably, according to a twenty-sixth aspect of the present invention, in the 
semiconductor device of the twenty-fifth aspect, the first partial semiconductor region 
includes a peripheral region disposed adjacent to one of the plurality of device formation 
regions which is to be isolated, and the second partial semiconductor region includes a 
central region corresponding to part of the semiconductor region which is other than the 
peripheral region. 

Preferably, according to a twenty-seventh aspect of the present invention, in the 
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semiconductor device of the twenty-fifth aspect, the plurality of device formation regions 
include a MOS transistor formation region. The partial isolation region surrounds the 
MOS transistor formation region. The first partial semiconductor region includes a 
region adjacent to a gate electrode of the MOS transistor formation region, and the second 
5 partial semiconductor region includes a region adjacent to a drain/source of the MOS 
transistor formation region. 

Preferably, according to a twenty-eighth aspect of the present invention, in the 
semiconductor device of the first aspect, the plurality of device formation regions include 
a MOS transistor formation region of a first conductivity type, and the semiconductor 

10 region of the partial isolation region includes a region of a second conductivity type. A 
peak of the impurity concentration of the semiconductor region of the partial isolation 
region is deeper from a surface of the SOI layer than a peak of the impurity concentration 
of a drain/source region formed in contact with the semiconductor region in the MOS 
transistor formation region. 

15 Preferably, according to a twenty-ninth aspect of the present invention, in the 

semiconductor device of the first aspect, the plurality of device formation regions include 
a MOS transistor formation region. A peak of the impurity concentration of a channel 
formation region of the MOS transistor formation region is deeper from a surface of the 
SOI layer than a peak of the impurity concentration of the semiconductor region of the 

20 partial isolation region. 

Preferably, according to a thirtieth aspect of the present invention, in the 
semiconductor device of the fifteenth aspect, the semiconductor region of the combined 
isolation region includes a first partial semiconductor region disposed adjacent to the 
complete insulation region, and a second partial semiconductor region which is the 

25 remainder of the semiconductor region. The impurity concentration of the first partial 



10 

semiconductor region is higher than that of the second partial semiconductor region. 

Preferably, according to a thirty-first aspect of the present invention, in the 
semiconductor device of the first aspect, the partial isolation region has a surface comer 
part and a bottom comer part, the bottom comer part having a radius of curvature greater 
5 than that of the surface comer part. 

Preferably, according to a thirty-second aspect of the present invention, in the 
semiconductor device of the fifteenth aspect, the partial insulation region of the combined 
isolation region has a bottom comer part and a stepped part defined between the complete 
insulation region and the partial insulation region, the stepped part having a radius of 
10 curvature less than that of the bottom comer part. 

Preferably, according to a thirty-third aspect of the present invention, in the 
semiconductor device of the first aspect, the at least one isolation region further includes 
a complete isolation region having a complete insulation region extending through the 
SOI layer. The semiconductor device further comprises an inductance element formed 
15 in an inductance formation region lying in an upper part of the SOI layer, wherein the 
complete isolation region is formed under the inductance formation region. 

Preferably, according to a thirty-fourth aspect of the present invention, in the 
semiconductor device of the first aspect, the plurality of device formation regions include 
a MOS transistor formation region, and the body region includes a gate-connected body 
20 region electrically connected to a gate electrode of a MOS transistor formed in the MOS 
transistor formation region. The partial isolation region surrounds the MOS transistor 
formation region. 

Preferably, according to a thirty-fifth aspect of the present invention, in the 
semiconductor device of the sixth aspect, the semiconductor region includes a region of a 
25 first conductivity type, and the active region of the device includes a region of a second 
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conductivity type. The depth of the active region of the device is set so that a depletion 
layer extending from the active region does not reach the buried insulation layer in a 
built-in state. 

Preferably, according to a thirty-sixth aspect of the present invention, in the 
semiconductor device of the first aspect, the plurality of device formation regions include 
a field transistor formation region. A field transistor formed in the field transistor 
formation region comprises: first and second active regions formed independently of each 
other; and a gate part formed between the first and second active regions and including a 
field transistor partial insulation region formed in an upper part thereof and a field 
transistor semiconductor region formed in a lower part thereof and serving as part of the 
SOI layer. 

A thirty-seventh aspect of the present invention is intended for a semiconductor 
device having an SOI structure including a semiconductor substrate, a buried insulation 
layer and an SOI layer. According to the present invention, the semiconductor device 
comprises: a device formation region in which a predetermined device is to be formed, 
the device formation region being provided in the SOI layer; and a peripheral isolation 
region provided in the SOI layer and surrounding the device formation region, the 
peripheral isolation region including a partial isolation region having a partial insulation 
region formed in an upper part thereof and a semiconductor region formed in a lower part 
thereof and serving as part of the SOI layer, wherein the semiconductor region is formed 
in contact with the device formation region and is floating, 

A thirty-eighth aspect of the present invention is intended for a method of 
manufacturing a semiconductor device. According to the present invention, the method 
comprises the steps of: (a) providing an SOI substrate having an SOI structure including a 
semiconductor substrate, a buried insulation layer, and an SOI layer; (b) selectively 
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removing the SOI layer from above a top surface thereof so as not to penetrate the SOI 
layer, to form a plurality of trenches, whereby regions of the SOI layers which lie between 
the plurality of trenches serve as a plurality of device formation regions; (c) filling each of 
the plurality of trenches with an insulation film, the insulation film in at least one of the 
5 plurality of trenches and part of the SOI layer which underlies the at least one of the 
plurality of trenches constituting a partial isolation region; and (d) forming a 
predetermined device in each of the plurality of device formation regions. 

Preferably, according to a thirty-ninth aspect of the present invention, in the 
%i method of the thirty-eighth aspect, the plurality of trenches include a first trench and a 

'szr ' 

^ 10 second trench, and the at least one of the plurality of trenches includes the first trench. 

The method further comprises the step of (e) further removing the SOI layer from a 
n| bottom portion of the second trench to cause the second trench to extend through the SOI 

□ layer, the step (e) being performed after the step (b) and before the step (c). The step (c) 

ifl causes the insulation film in the first trench and part of the SOI layer which underlies the 

15 first trench to constitute the partial isolation region, and causes the insulation film in the 
second trench extending through the SOI layer to constitute a complete isolation region. 

Preferably, according to a fortieth aspect of the present invention, in the method 
of the thirty-ninth aspect, the second trench is greater in width than the first trench, and 
the step (b) comprises the steps of: (b-1) forming sidewall elements on side surfaces of 
20 the first and second trenches, respectively, so as to cover a bottom surface of the first 
trench and to expose the center of a bottom surface of the second trench; and (b-2) 
penetrating the SOI layer under the center of the second trench using the sidewall 
elements as a mask. 

Preferably, according to a forty-first aspect of the present invention, the method 
25 of the thirty-ninth aspect further comprises the step of (f) introducing an impurity into 
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parts of the SOI layer which underlie the plurality of trenches to form high-concentration 
regions, the step (f) being performed after the step (b) and before the step (e). 

A forty-second aspect of the present invention is intended for a method of 
manufacturing a semiconductor device. According to the present invention, the method 
5 comprises the steps of: (a) providing an SOI substrate having an SOI structure including a 
^ semiconductor substrate, a buried insulation layer, and a silicon layer; (b) selectively 
removing the silicon layer to form a through portion extending through the silicon layer; 
f (c) filling the through portion extending through the silicon layer with a first insulation 

; film so that the first insulation film is raised from a top surface of the silicon layer, and 

] 10 selectively forming a second insulation film on the silicon layer; (d) forming an 
epitaxially grown layer by upward epitaxial growth from part of the top surface of the 
I silicon layer which is not covered with the second insulation film, the silicon layer and 

j the epitaxially grown layer constituting an SOI layer, the second insulation film and part 

I of the silicon layer which underlies the second insulation film constituting a partial 

15 isolation region, the first insulation film constituting a complete isolation region; and (e) 
forming a predetermined device in each of a plurality of device formation regions which 
are isolated from each other by one of the partial isolation region and the complete 
isolation region. 

A forty-third aspect of the present invention is intended for a method of 
20 manufacturing a semiconductor device. According to the present invention, the method 
comprises the steps of: (a) providing an SOI substrate having an SOI structure including a 
semiconductor substrate, a buried insulation layer, and an SOI layer; (b) selectively 
removing the SOI layer to form a plurality of trenches extending through the SOI layer 
and including a first trench and a second trench, whereby regions of the SOI layer which 
25 lie between the plurality of trenches serve as a plurality of device formation regions; (c) 




14 

selectively depositing a polysilicon layer on bottom and side surfaces of the first trench; 
(d) filling the first and second trenches with an insulation film; (e) partially oxidizing the 
polysilicon layer in the first trench in a direction oriented from an opening of the first 
trench toward the bottom thereof, the insulation film in the first trench and the polysilicon 
5 layer left unoxidized in the first trench constituting a partial isolation region, the 
insulation film in the second trench constituting a complete isolation region; and (f) 
forming a predetermined device in each of the plurality of device formation regions, 
"ff A forty-fourth aspect of the present invention is intended for a method of 

manufacturing a semiconductor device. According to the present invention, the method 

y ^ 

iT? 10 comprises the steps of: (a) providing an SOI substrate having an SOI structure including a 
^ semiconductor substrate, a buried insulation layer, and an SOI layer; (b) selectively 

pj removing the SOI layer to form a plurality of device formation regions; (c) isotropically 

O etching the buried insulation layer while masking the plurality of device formation 

# regions so that a bottom surface of end portions of at least one of the plurality of device 

15 formation regions is exposed and an upper part of the buried insulation layer is removed, 
thereby to form a hole; (d) filling the hole with a polysilicon layer to form a body region 
including the polysilicon layer and electrically connected to the bottom surface of the end 
portions of the at least one of the plurality of device formation regions; (e) insulatively 
isolating the plurality of device formation regions from each other in the SOI layer; and 
20 (f) permitting the body region to externally fix electric potential and forming a 
predetermined device in each of the plurality of device formation regions. 

Preferably, according to a forty-fifth aspect of the present invention, in the 
method of the forty-fourth aspect, the step (d) comprises the steps of: (d-1) forming an 
epitaxially grown layer in the hole by epitaxial growth from the bottom surface of the end 
25 portions of the at least one of the plurality of device formation regions; and (d-2) filling 
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the hole with the polysilicon layer so that the polysilicon layer is in contact with the 
epitaxially grown layer to form the body region comprised of the epitaxially grown layer 
and the polysilicon layer. 

Preferably, according to a forty-sixth aspect of the present invention, in the 
method of the thirty-eighth aspect, the step (d) comprises the step of (d-1) implanting an 
impurity of a predetermined conductivity type so as to provide a peak of an impurity 
concentration distribution at an upper part of the SOI layer and to cause channeling, to 
form an active region of the predetermined device. 

According to a forty-seventh aspect of the present invention, a method of 
manufacturing a semiconductor device comprises the steps of: (a) providing an SOI 
substrate having an SOI structure including a semiconductor substrate, a buried insulation 
layer, and an SOI layer; (b) selectively forming at least one first trench extending through 
the SOI layer from a top surface thereof; (c) selectively forming a plurality of second 
trenches which do not extend through the SOI layer from the top surface thereof, whereby 
regions of the SOI layer which lie between the plurality of second trenches serve as a 
plurality of device formation regions, the plurality of second trenches including a 
combined trench and a non-through trench, the combined trench containing the at least 
one first trench and being greater in width than the at least one first trench thereby to 
include a through part in which the at least one first trench is formed and a non-through 
part which is the remainder of the combined trench, the non-through trench including 
only a non- through part without containing the at least one first trench; (d) filling each of 
the combined trench and the non-through trench with an insulation fihn, the insulation 
film in the non-through part of the combined trench and part of the SOI layer which 
underlies the non-through part of the combined trench constituting a partial isolation part, 
the insulation film in the through part constituting a complete isolation part, the partial 
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isolation part and the complete isolation part making up a combined isolation region, the 
insulation film in the non-through trench and part of the SOI layer which underlies the 
non-through trench making up a partial isolation region; and (e) forming a predetermined 
device in each of the plurality of device formation regions, 

A forty-eighth aspect of the present invention is intended for a method of 
designing a semiconductor device including a semiconductor substrate, a buried 
insulation layer, and an SOI layer in which a CMOS device is to be formed. According 
to the present invention, the method comprises the steps of: (a) obtaining past data 
concerning a CMOS device including a first MOS transistor of a first conductivity type 
formed in a well region and a second MOS transistor of a second conductivity type 
formed outside the well region; (b) defining a first MOS transistor formation region of the 
first conductivity type and a second MOS transistor formation region of the second 
conductivity type, based on the past data; and (c) defining a complete isolation region 
including a complete insulation region extending through the SOI layer in the vicinity of 
an outer periphery of the well region defined by the past data. 

As described hereinabove, in the semiconductor device according to the first 
aspect of the present invention, at least part of the at least one isolation region includes 
the partial isolation region having the partial insulation region provided in the upper part 
thereof and the semiconductor region formed in the lower part thereof and serving as part 
of the SOI layer, the semiconductor region being formed in contact with at least one of 
the plurality of device formation regions and the body region. Thus, the partial 
insulation region insulates the plurality of device formation regions from each other, and 
the semiconductor region and the body region fix the electric potential of the at least one 
device formation region. 

As a result, the semiconductor device having the SOI structure in which the at 
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least one device formation region is reduced in floating-substrate effect is achieved. 

In the semiconductor device according to the second aspect of the present 
invention, the plurality of first device formation regions are isolated from each other by 
the first partial isolation region, and the plurality of second device formation regions are 
isolated from each other by the second partial isolation region. The complete isolation 
region extending through the SOI layer provides isolation between the plurality of first 
device formation regions and the plurality of second device formation regions. This 
allows the complete insulation of the device formation regions for different types of 
devices from each other, and reduces the floating-substrate effect of the device formation 
regions for the same type of devices. 

In the semiconductor device according to the third aspect of the present 
invention, the plurality of device formation regions for the first circuit are isolated from 
each other by the complete isolation region extending through the SOI layer, and the 
plurality of device formation regions for the second circuit are isolated from each other by 
the partial isolation region. 

Thus, a circuit for which the influence of the floating-substrate effect is 
significantly considered may be handled as the second circuit, and a circuit for which the 
influence of the floating-substrate effect need not be significantly considered may be 
handled as the first circuit. This provides suitable insulation based on the properties of 
the circuits to be formed. 

In the semiconductor device according to the fourth aspect of the present 
invention, the first partial SOI layer is less in thickness than the second partial SOI layer. 
The plurality of device formation regions for the first circuit are formed in the first partial 
SOI layer, and the plurality of device formation regions for the second circuit are formed 
in the second partial SOI layer. 



18 

Thus, using the difference in thickness between the first and second partial SOI 
layers, a trench for complete isolation which extends through the first partial SOI layer 
and a trench for partial isolation which does not extend through the second partial SOI 
layer may be formed simultaneously in the first and second partial SOI layers, 
5 respectively. This simplifies the manufacturing steps. 

In the semiconductor device according to the fifth aspect of the present 
invention, the complete isolation region extending through the SOI layer provides 
isolation between the device formation region for the predetermined circuit and the 
device formation region for the circuit other than the predetermined circuit. Therefore, 
10 the circuit other than the predetermined circuit may completely exclude the influence of 
the predetermined circuit. 

In the semiconductor device according to the sixth aspect of the present 
invention, the device formed in the device formation region isolated by the partial 
isolation region has the active region formed at a depth jfrom the surface of the SOI layer 
15 shallower than the depth at which the partial isolation region is formed. This minimizes 
the deterioration of the isolation characteristics of the partial isolation region. 

In the semiconductor device according to the seventh aspect of the present 
invention, the semiconductor region includes the polysilicon region. Therefore, the 
semiconductor region is formed with high precision. 
20 In the semiconductor device according to the eighth aspect of the present 

invention, the partial insulation region includes the low dielectric constant film. This 
minimizes the trouble based on the capacitance of the partial insulation region. 

In the semiconductor device according to the ninth aspect of the present 
invention, the partial insulation region includes the partial insulation film provided at 
25 least at the side surface, and the low dielectric constant film provided in the other regions. 
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The partial insulation film may effectively suppress the influence of the device disposed 
in lateral relation with the partial insulation region* At the same time, the trouble based 
on the capacitance of the partial insulation region is suppressed. 

The semiconductor device according to the tenth aspect of the present invention 
comprises the plurality of isolation regions at least one of which has the predetermined 
width and extends substantially perpendicularly to the surface of the semiconductor 
substrate. This provides device isolation without impairing the degree of integration. 

The semiconductor device according to the eleventh aspect of the present 
invention comprises the body region formed in contact with the top or bottom surface of 
at least one of the plurality of device formation regions. Therefore, the body region may 
fix the electric potential of the at least one device formation region. 

In the semiconductor device according to the twelfth aspect of the present 
invention, the body region is formed in the upper portion of the buried insulation layer 
underlying the SOI layer to minimize the adverse effects upon the device isolation 
characteristics of the isolation region. 

In the semiconductor device according to the thirteenth aspect of the present 
invention, the body region extends through the buried insulation layer. Therefore, the 
electric potential of the at least one device formation region may be fixed through the 
body region positioned closer to the semiconductor substrate. 

In the semiconductor device according to the fourteenth aspect of the present 
invention, the body region is provided on the at least one device formation region and in 
contact with the top surface of the at least one device formation region. Thus, the body 
region is formed relatively easily. 

In the semiconductor device according to the fifteenth aspect of the present 
invention, at least part of the at least one isolation region further comprises the combined 
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isolation region including the partial isolation region and the complete insulation region 
extending through the SOI layer, the partial isolation region and the complete insulation 
region being continuous with each other. At least two of the device formation regions 
which are isolated from each other by the combined isolation region are completely 
insulatively isolated from each other by the complete insulation region of the combined 
isolation region. 

The semiconductor device according to the sixteenth aspect of the present 
invention comprises the partial isolation region having the flat and even top surface, 
thereby facilitating the patterning for forming the constituents of a predetermined device, 
e.g. the gate electrode of a MOS transistor. 

In the semiconductor device according to the seventeenth aspect of the present 
invention, the thickness of the semiconductor region of the combined isolation region is 
not greater than one-half the thickness of the SOI layer. Thus, the combined isolation 
region provides a sufficiently high degree of isolation characteristic. 

In the semiconductor device according to the eighteenth aspect of the present 
invention, the width of the complete insulation region of the combined isolation region is 
not greater than one-half the width of the combined isolation region. The semiconductor 
region of the partial isolation region constituting the combined isolation region has a 
sufficient area, and the electric potential of a device formation region in contact with the 
semiconductor region is fixed with stability. 

The semiconductor device according to the nineteenth aspect of the present 
invention comprises the complete isolation region formed at least in the vicinity of the 
boundary between the input/output NMOS transistor formation region and the 
input/output PMOS transistor formation region, thereby effectively suppressing latchup. 

The semiconductor device according to the twentieth aspect of the present 



21 

invention comprises the complete isolation region further formed in the vicinity of the 
boundary between the input/output transistor formation region and the internal circuit 
formation region. This completely precludes the influence of the input/output transistor 
formation region susceptible to noises from the internal circuit formation region. 
5 In the semiconductor device according to the twenty-first aspect of the present 

invention, the complete isolation region is formed in the complete isolation region 
formation location situated within the PMOS transistor formation region in the vicinity of 

Tolls' 

"% the boundary between the NMOS transistor formation region and the PMOS transistor 

m formation region. The partial isolation region surrounds the NMOS transistor formation 

h i 10 region and the PMOS transistor formation region except in the complete isolation region 
formation location. Therefore, the electric potential of the substrate of the NMOS 
flj transistor is fixed sufficiently, and the complete isolation is provided between the NMOS 

ru 

□ transistor formation region and the PMOS transistor formation region with high area 

O efficiency. 

15 In the semiconductor device according to the twenty-second aspect of the 

present invention, the partial isolation region is formed in the partial isolation region 
formation location situated at least in the vicinity of the first end of the gate electrode of 
the MOS transistor formation region. The complete insulation region surrounds the 
MOS transistor formation region except in the partial isolation region formation location. 

20 Therefore, the complete isolation region substantially completely isolates the MOS 
transistor formation region from its surrounding region whereas the electric potential of 
the channel formation region under the gate electrode of the MOS transistor is effectively 
fixed. 

The semiconductor device according to the twenty-third aspect of the present 
25 invention comprises the body region including the peripheral body region of the second 
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conductivity type surrounding the peripheral partial isolation region. Fixing the electric 
potential of the peripheral body region allows the transistor formation region to be 
effectively isolated from its surrounding region. 

The semiconductor device according to the twenty-fourth aspect of the present 
5 invention comprises the adjacent-to-source body region disposed adjacent to the source 
region of the MOS transistor formation region and connected commonly with the source 
region by the electric potential setting region. Since the adjacent-to-source body region 
is formed adjacent to the source region, the degree of integration is accordingly increased. 

In the semiconductor device according to the twenty-fifth aspect of the present 
10 invention, the semiconductor region of the partial isolation region includes the first and 
second partial semiconductor regions having different impurity concentrations. This 
provides the semiconductor region suitable for the isolating characteristic of the partial 
isolation region and the reduction in the floating-substrate effect. 

In the semiconductor device according to the twenty-sixth aspect of the present 
15 invention, the first partial semiconductor region having a relatively high impurity 
concentration includes the peripheral region disposed adjacent to one of the plurality of 
device formation regions which is to be isolated. This enhances resistance to punch- 
through due to the isolation of the partial isolation region. 

In the semiconductor device according to the twenty-seventh aspect of the 
20 present invention, the first partial semiconductor region having a relatively high impurity 
concentration includes the region adjacent to the gate electrode of the MOS transistor 
formation region, and the second partial semiconductor region having a relatively low 
impurity concentration includes the region adjacent to the drain/source of the MOS 
transistor formation region. This achieves the reduction in PN junction capacitance and 
25 the increase in resistance to punch-through. 
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In the semiconductor device according to the twenty-eighth aspect of the 
present invention, the peak of the impurity concentration of the semiconductor region of 
the partial isolation region is deeper from the surface of the SOI layer than the peak of the 
impurity concentration of the drain/source region of the MOS transistor formation region. 
5 This increases the breakdown voltage of the PN junction of the drain/source region and 
the semiconductor region. 

In the semiconductor device according to the twenty-ninth aspect of the present 
invention, the peak of the impurity concentration of the channel formation region of the 
MOS transistor formation region is deeper from the surface of the SOI layer than the peak 
10 of the impurity concentration of the semiconductor region of the partial isolation region. 
Therefore, the threshold voltage of the MOS transistor does not exceed a desired value. 

In the semiconductor device according to the thirtieth aspect of the present 
invention, the impurity concentration of the first partial semiconductor region formed 
adjacent to the complete insulation region is higher than that of the second partial 
15 semiconductor region which is the remainder of the semiconductor region. This 
suppressed undesirable conditions resulting from stresses applied to the SOI layer. 

In the semiconductor device according to the thirty-first aspect of the present 
invention, the radius of curvature of the bottom comer part of the partial isolation region 
is greater than that of the surface comer part thereof, whereby the stresses applied to the 
20 SOI layer are alleviated while the isolation width is reduced. 

In the semiconductor device accordmg to the thirty-second aspect of the present 
invention, the radius of curvature of the stepped part defined between the complete 
insulation region and the partial insulation region is less than that of the bottom comer 
part of the partial insulation region in the combined isolation region. Thus, the stresses 
25 applied to the SOI layer are alleviated while the isolation width is reduced. 
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The semiconductor device according to the thirty-third aspect of the present 
invention comprises the complete isolation region formed under the inductance formation 
region, thereby reducing the parasitic capacitance associated with the inductance element. 

In the semiconductor device according to the thirty-fourth aspect of the present 
invention, the body region includes the gate-connected body region electrically connected 
to the gate electrode of the MOS transistor formed in the MOS transistor formation region, 
and the partial isolation region surrounds the MOS transistor formation region. This 
enhances the performance of the DT-MOS transistor which sets the gate electrode and the 
gate-connected body region at the same potential. 

In the semiconductor device according to the thirty-fifth aspect of the present 
invention, the depth of the active region of the device is controlled so that the depletion 
layer extending from the active region does not reach the buried insulation layer in a 
built-in state. This reduces the junction capacitance between the semiconductor region 
of the partial isolation region and the active region. 

In the semiconductor device according to the thirty-sixth aspect of the present 
invention, the field transistor comprises the gate part formed between the first and second 
active regions and including the field transistor partial insulation region formed in the 
upper part thereof and the field transistor semiconductor region formed in the lower part 
thereof and serving as part of the SOI layer. 

Since the gate part is basically similar in construction to the partial isolation 
region, the gate part and the partial isolation region may be formed at the same time, 
whereby the field transistor is formed relatively easily. 

In the semiconductor device according to the thirty-seventh aspect of the 
present invention, the peripheral isolation region includes the partial isolation region 
having the partial insulation region formed in the upper part thereof and the 
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semiconductor region formed in the lower part thereof and serving as part of the SOI 
layer. The semiconductor region of the partial isolation region is formed in contact with 
the device formation region and is floating. The partial insulation region isolates the 
device formation region from its surrounding region, and the semiconductor region 
5 disperses the carriers generated in the device formation region by impact ionization and 
the electric charge generated by cosmic rays. Therefore, the increase in electric potential 
is suppressed, and resistance to soft errors is enhanced. 

In the semiconductor device manufactured by the method according to the 
thirty-eighth aspect of the present invention, a device formation region included in the 
10 plurality of device formation regions and isolated by the insulation film in the at least one 
of the trenches and the part of the SOI layer which underlies the at least one trench is 
subjected to isolation with the floating-substrate effect suppressed. 

The plurality of device formation regions formed by the method according to 
the thirty-ninth aspect of the present invention are isolated by the insulation film in the 
15 first trench and the part of the SOI layer which underlies the first trench, with the floating- 
substrate effect suppressed, and are completely isolated by the insulation film in the 
second trench extending through the SOI layer. 

The method according to the fortieth aspect of the present invention utilizes the 
difference in width between the first and second trenches to penetrate the SOI layer under 
20 the center of the second trench using the sidewall elements as a mask, thereby to 
selectively form the partial isolation region and the complete isolation region without 
using a photoresist. 

In the method according to the forty-first aspect of the present invention, the 
impurity is introduced into the parts of the SOI layer which underlie the plurality of 
25 trenches to form the high-concentration regions. This allows the electric potential of the 
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device formation region in contact with the high-concentration regions to be fixed 
through the high-concentration regions with good stability. 

In the method according to the forty-second aspect of the present invention, the 
SOI layer comprised of the silicon layer and the epitaxially grown layer has good 
5 crystallinity. 

la the method according to the forty-third aspect of the present invention, the 
insulation film in the first trench and the polysilicon layer remaining in the first trench 
constitute the partial isolation region. Thus, the polysilicon layer electrically connected 
to a device formation region has a well-controlled thickness. 

10 In the method according to the forty-fourth aspect of the present invention, the 

hole formed in the buried insulation layer is filled with the polysilicon layer to form the 
body region electrically connected to the at least one device formation region. 

Therefore, the body region is formed in the buried insulation layer underlying 
the SOI layer to minimize the adverse effect upon the insulation provided by the isolation 

15 region. 

In the method according to the forty-fifth aspect of the present invention, the 
body region includes the epitaxially grown layer formed by epitaxial growth from the 
bottom surface of the end portions of the at least one device formation region, and the 
polysilicon layer. 

20 Thus, the provision of the epitaxially grown layer allows a sufficient distance 

l^^l^een a device formed in the at least one device formation region and the polysilicon 
layer. Therefore, the semiconductor device manufactured by the method of the forty- 
fifth aspect provides satisfactory electric characteristics. 

In the method according to the forty-sixth aspect of the present invention, the 

25 step (d) comprises the step of implanting the impurity of the predetermined conductivity 
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type so as to provide the peak of the impurity concentration distribution at the upper part 
of the SOI layer and to cause channeling, to form the active region of the predetermined 
device. This provides the active region of the predetermined device which allows the 
peak of the impurity concentration to be present at the upper part of the SOI layer and 
which contains the impurity distributed to the surface of the buried insulation film 
because of the channeling. 

In the method according to the forty-seventh aspect of the present invention, the 
steps (b) and (c) may be performed to simultaneously form the combined trench for the 
combined isolation region and the non-through trench for the partial isolation region. 

In the step (c) of the method according to the forty-eighth aspect of the present 
invention, the complete isolation region including the complete insulation region 
extending through the SOI layer is defined in the vicinity of the outer periphery of the 
well region of the past data. Therefore, the method makes effective use of the past data 
to define the complete isolation region which effectively isolates the first and second 
MOS transistor formation regions from each other. 

It is therefore an object of the present invention to provide a semiconductor 
device having an SOI structure which achieves the reduction in floating-substrate effect. 

These and other objects, features, aspects and advantages of the present 
invention will become more apparent from the following detailed description of the 
present invention when taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig, 1 is a cross-sectional view of a first form of a semiconductor device having 
an SOI structure according to a first preferred embodiment of the present invention; 

Fig. 2 is a cross-sectional view of the first form of the first preferred 
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embodiment; 

Fig. 3 is a plan view of the first form of the first preferred embodiment; 
Fig. 4 is a cross-sectional view of a second form of the semiconductor device 
according to the first preferred embodiment; 
5 Fig. 5 is a cross-sectional view of a first form of a second preferred 

embodiment according to the present invention; 

Fig. 6 is a cross-sectional view of a second form of the second preferred 
embodiment; 

ff\ Fig. 7 is a cross-sectional view of a third form of the second preferred 

yJ 10 embodiment; 

Figs. 8 through 11 are cross-sectional views showing a first isolation process 
according to the second preferred embodiment; 

Figs. 12 and 13 are cross-sectional views showing a high concentration well 
region formation process; 
15 Figs. 14 through 18 are cross-sectional views showing a second isolation 

process according to the second preferred embodiment; 

Figs. 19 through 22 are cross-sectional views showing a third isolation process 
according to the second preferred embodiment; 

Figs. 23 through 27 are cross-sectional views showing a fourth isolation process 
20 according to the second preferred embodiment; 

Fig. 28 is a cross-sectional view of a first form of a third preferred embodiment 
according to the present invention; 

Fig. 29 is a cross -sectional view of a second form of the third preferred 
embodiment; 

25 Figs. 30 and 31 are cross-sectional views of an SOI structure according to a 
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fourth preferred embodiment of the present invention; 

Fig. 32 is a cross-sectional view of another SOI structure according to the 
fourth preferred embodiment; 

Figs. 33 through 37 are cross-sectional views showing an isolation process 
according to the fourth preferred embodiment; 

Fig. 38 is a cross-sectional view of a first form of a fifth preferred embodiment 
according to the present invention; 

Fig. 39 is a cross-sectional view of a second form of the fifth preferred 
embodiment; 

Fig. 40 is a cross-sectional view of a third form of the fifth preferred 
embodiment; 

Fig. 41 is a cross-sectional view of a first form of a sixth preferred embodiment 
according to the present invention; 

Fig. 42 is a cross-sectional view of a second form of the sixth preferred 
embodiment; 

Figs. 43 through 45 are cross-sectional views showing a first connection region 
formation process according to the sixth preferred embodiment; 

Figs. 46 through 48 are cross-sectional views showing a second connection 
region formation process according to the sixth preferred embodiment; 

Figs. 49 through 51 are cross-sectional views showing a third connection region 
formation process according to the sixth preferred embodiment; 

Fig. 52 is a cross-sectional view of a third form of the sixth preferred 
embodiment; 

Fig. 53 is a cross-sectional view of a fourth form of the sixth preferred 
embodiment; 
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Fig. 54 is a cross-sectional view of a fifth form of the sixth preferred 
embodiment; 

Fig. 55 is a cross-sectional view of a fourth form of the second preferred 
embodiment; 

Fig. 56 is a cross-sectional view of a fifth form of the second preferred 
embodiment; 

Fig. 57 is a cross-sectional view of a sixth form of the second preferred 
embodiment; 

Figs. 58 through 62 are cross-sectional views showing a fifth isolation process 
according to the second preferred embodiment; 

Fig. 63 illustrates a method of defining a complete isolation region according to 
a seventh preferred embodiment of the present invention; 

Fig. 64 illustrates latchup; 

Fig. 65 is a cross-sectional view of a first form of an eighth preferred 
embodiment according to the present invention; 

Fig. 66 is a circuit diagram of an input circuit; 
Fig. 67 is a circuit diagram of an output circuit; 

Fig. 68 is a cross-sectional view of a second form of the eighth preferred 
embodiment; 

Fig. 69 is a plan view of a third form of the eighth preferred embodiment; 
Fig. 70 is a plan view of a first form of a ninth preferred embodiment according 
to the present invention; 

Fig. 71 is a cross-sectional view taken along the line A- A of Fig. 70; 

Fig. 72 is a plan view of a second form of the ninth preferred embodiment; 

Fig. 73 is a cross-sectional view taken along the line B-B of Fig. 72; 
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Fig. 74 is a plaii view of a first form of a tenth preferred embodiment according 
to the present invention; 

Fig. 75 is a plan view of a second form of the tenth preferred embodiment; 

Fig. 76 is a plan view of a first form of an eleventh preferred embodiment 
according to the present invention; 

Fig. 77 is a plan view of a second form of the eleventh preferred embodiment; 

Fig. 78 is a plan view of a first form of a twelfth preferred embodiment 
according to the present invention; 

Fig. 79 is a cross-sectional view taken along the line C-C of Fig. 78; 

Fig. 80 is a plan view of a second form of the twelfth preferred embodiment; 

Fig. 81 is a cross-sectional view taken along the line D-D of Fig. 80; 

Fig. 82 is a plan view of a third form of the twelfth preferred embodiment; 

Fig. 83 is a cross-sectional view of a thirteenth preferred embodiment according 
to the present invention; 

Fig. 84 illustrates a feature of a first form of a fourteenth preferred embodiment 
according to the present invention; 

Fig. 85 illustrates a feature of a second form of the fourteenth preferred 
embodiment; 

Fig. 86 is a cross-sectional view of a first form of a fifteenth preferred 
embodiment according to the present invention; 

Fig. 87 is a plan view of a second form of the fifteenth preferred embodiment; 

Fig. 88 is a cross-sectional view of a first form of a sixteenth preferred 
embodiment according to the present invention; 

Fig. 89 is a cross-sectional view of a second form of the sixteenth preferred 
embodiment; 
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Fig. 90 is a cross-sectional view of a first form of a seventeenth preferred 
embodiment according to the present invention; 

Fig. 91 is a circuit diagram showing a circuit configuration of the seventeenth 
preferred embodiment; 

Fig. 92 is a cross-sectional view of a second form of the seventeenth preferred 
embodiment; 

Fig. 93 is a plan view of a DT-MOS transistor of an eighteenth preferred 
embodiment according to the present invention; 

Fig- 94 is a cross-sectional view of a nineteenth preferred embodiment 
according to the present invention; 

Fig. 95 is a cross-sectional view of a first form of a twentieth preferred 
embodiment according to the present invention; 

Fig. 96 is a circuit diagram of an input circuit to which field transistors are 
applied according to the twentieth preferred embodiment; 

Fig. 97 is a circuit diagram of an output circuit to which the field transistors are 
applied according to the twentieth preferred embodiment; 

Fig. 98 is a cross-sectional view of a second form of the twentieth preferred 
embodiment; 

Fig. 99 is a plan view of a third form of the twentieth preferred embodiment; 
Fig. 100 illustrates an impurity distribution in a drain/source region; 
Fig. 101 is a cross-sectional view taken along the line E-E of Fig. 74; and 
Fig. 102 is a cross-sectional view of a background art semiconductor device 
having the SOI structure. 
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«First Preferred Embodiment» 

Figs, 1 through 3 show the construction of a semiconductor device having an 
SOI structure according to a first preferred embodiment of the present invention. Figs. 1 
and 2 are cross-sectional views, and Fig. 3 is a plan view. The cross-sections taken 
along the lines A- A and B-B correspond to Figs. 1 and 2, respectively. 

As shown in Figs. 1 through 3, the semiconductor device having the SOI 
structure comprised of a silicon substrate 1, a buried oxide film 2 and an SOI layer 3 is 
constructed such that a partial oxide film 31 with well regions formed therebeneath 
isolates transistor formation regions in the SOI layer 3 from each other. A p-type well 
region 11 is formed beaeath part of the partial oxide film 31 which isolates NMOS 
transistors from each other. An n-type well region 12 is formed beneath part of the 
partial oxide film 31 which isolates PMOS transistors from each other. The p-type well 
region 11 (closer to NMOS transistors) and the n-type well region 12 (closer to PMOS 
transistors) are formed beneath part of the partial oxide film 31 which isolates NMOS and 
PMOS transistors from each other. The well region 11 is formed to surround the drain 
and source regions 5 and 6 of a group of NMOS transistors, and the well region 12 is 
formed to surround the drain and source regions 5 and 6 of a group of PMOS transistors. 
In the first preferred embodiment, an interlayer insulation film 4 covers the SOI layer 3. 

A single MOS transistor isolated from other transistors by the partial oxide film 
31 in the first preferred embodiment comprises a drain region 5, a source region 6 and a 
channel formation region 7 which are formed in the SOI layer 3, a gate oxide film 8 
formed on the channel formation region 7, and a gate electrode 9 formed on the gate 
oxide film 8. An interconnect layer 22 formed to the interlayer insulation film 4 is 
electrically connected through a contact formed in the interlayer insulation film 4 to the 
drain region 5 or the source region 6. 
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As illustrated in Figs. 2 and 3, a body region 10 is surrounded by the well 
region 11 in the SOI layer 3. The body region 10 is in contact with an adjacent part of 
the well region 11, An interconnect layer 25 formed on the interlayer insulation film 4 
is electrically connected through a body contact 23 formed in the interlayer insulation 
film 4 to the body region 10. An interconnect layer 26 formed on the interlayer 
insulation film 4 is electrically connected through a gate contact 24 formed in the 
interlayer insulation film 4 to the gate electrode 9. 

Thus, the semiconductor device of the first preferred embodiment as shown in 
Figs. 1 through 3 differs from the background art semiconductor device shown in Fig. 102 
in that the partial oxide film 31 in an isolation region does not reach the bottom of the 
SOI layer 3, and the well regions 11 and 12 doped with impurities of the same 
conductivity type as the channel formation region of the transistor to be isolated are 
formed beneath the partial oxide film 31. 

Therefore, the electric potential of the substrate of each NMOS transistor is 
fixed through the interconnect layer 25, the body contact 23, the high-concentration body 
region 10 and the well region 11. Likewise, the electric potential of the substrate of each 
PMOS transistor is fixed through the body region. 

The details of the semiconductor device of the first preferred embodiment are 
described below with reference to Figs. 1 through 3. The buried oxide film 2 has a 
thickness on the order of 100 to 500 nm, and the SOI layer 3 has a thickness on the order 
of 30 to 200 nm. The channel formation region 7 is formed, for example, by the 
implantation of impurities of a first conductivity type (p-type impurities for the NMOS 
transistors, and n-type impurities for the PMOS transistors) having a concentration on the 
order of 10^"^ to 10^^ /cm^. The drain and source regions 5 and 6 adjacent the channel 
formation region 7 are formed, for example, by the implantation of impurities of a second 
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conductivity type (n-type impurities for the NMOS transistors, and p-type impurities for 
the PMOS transistors) having a concentration on the order of 10^^ to 10^^ /cm^. 

The partial oxide film 31 for isolating adjacent transistors from each other is 
formed by leaving lower parts of the SOI layer 3 which are on the order of 10 to 100 nm 
for the formation of the well regions. It is desirable in terms of micromachining that the 
top surface of the partial oxide film 31 is level with the surface of the SOI layer 3. 
However, when the SOI layer 3 is relatively thin, it is difficult for the partial oxide film 
31 to have a thickness required for isolation. Thus, raising the top surface of the partial 
oxide film 31 to a level higher than the surface of the SOI layer 3 enhances isolation 
performance. 

The well regions 11 and 12 formed beneath the partial oxide film 31 for oxide 
film isolation are of the same conductivity type as the channel formation (and has an 
impurity concentration of, for example, 10^^ to 5 • 10^^ /cm^; the impurity concentration of 
the well regions 11 and 12 is equal to or higher than that of the channel formation region; 
the higher the impurity concentration, the better a punch through prevention effect and the 
isolation performance). 

The body region 10, as shown in Fig. 2, is formed by the implantation of 
impurities of the same conductivity type as its adjacent well region 11 and having a 
relatively high concentration of 10^^ to 19^^ /cm^. 

The body region 10 of Fig. 2 extends vertically from the top surface to the 
bottom surface of the SOI layer 3, and the body contact 23 extends vertically through the 
interlayer insulation film 4. A body region as shown in Fig. 4 may be provided in place 
of the body region 10. 

Referring to Fig. 4, a body region 20 is formed only in a lower part of the SOI 
layer 3 so as to conform to the configuration of the body contact 23 extending through the 
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interlayer insulation film 4 and the partial oxide film 31. In this case, a well region 28 is 
formed adjacent the body region 20 beneath the partial oxide film 31. 

For the formation of the structure of Fig. 4, it is desirable to implant high- 
concentration impurities for the formation of the body region 20 after the contact is 
5 formed. 

For the isolation of devices of the same conductivity type, the well regions 11 
and 12 may be formed only by the implantation of impurities of the same conductivity 
type as the channel formation region. However, for the isolation between the PMOS and 
NMOS transistors, it is necessary to provide the p-type well region 11 adjacent to the 
10 NMOS transistor and the n-type well region 12 adjacent to the PMOS transistor. 

Such an SOI structure may be manufactured using a partial trench isolation 
technique according to a second preferred embodiment which will be described later. 

«Second Preferred Embodiment» 
15 <First Form> 

Fig. 5 is a cross-sectional view of a first form of the semiconductor device 
having the SOI structure according to the second preferred embodiment of the present 
invention. 

As shown in Fig. 5, the second preferred embodiment is adapted such that the 
20 partial oxide film 31 and the well region 11 (12) formed therebeneath isolate the NMOS 
transistors from each other and isolate the PMOS transistors from each other, and a full 
oxide film 32 provides isolation between the PMOS and NMOS transistors. Such an 
arrangement is more advantageous than the arrangement of the first preferred 
embodiment in that it reduces the isolation width between the PMOS and NMOS 
25 transistors and prevents latchup. 
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When the source and drain regions 6 and 5 are formed by ion implantation for 
achievement of the structure of Fig. 5, there is a danger that ions implanted for the 
purpose of forming the drain and source regions 5 and 6 pass through the partial oxide 
film 31 into the well region 11 (12) underlying the partial oxide film 31 which should be 
of the opposite conductivity type from the drain and source regions 5 and 6, impairing the 
isolation characteristics of the partial oxide film 31 and the well region 11. 

<Second Form> 

To avoid such a situation, it is preferable to form a drain region 5s and a source 
region 6s at a depth sufficiently less than the thickness of the SOI layer 3 as illustrated in 
a second form of the second preferred embodiment of Fig. 6. In other words^ the drain 
and source regions 5s and 6s should be shallower than the bottom surface of the partial 
oxide film 31. Low-energy ion implantation may be performed to form the drain and 
source regions 5s and 6s at a shallow position, as shown in Fig. 6. 

Ideally, the drain region 5s and the source regions 6s have a depth which 
satisfies the condition that a depletion layer extending from the source/drain reaches the 
buried oxide film 2 in a built-in state (in which a bias voltage of 0 V is applied to a PN 
junction). 

This is because the source/drain depletion layer which reaches the buried oxide 
film 2 in the built-in state enhances the isolation characteristic of a partial isolation region 
including the partial oxide film 31 and the well region 11 (12) while reducing the junction 
capacitance of the source/drain region 5s/6s and the well region 11 (12). 

<Third Form> 

As illustrated in a third form of the second preferred embodiment of Fig. 7, an 
oxide film 33 extending vertically from the top surface to the bottom surface of the SOI 
layer 3 except parts of the lower portion thereof which serve as a well region 29 may be 
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used to provide complete isolation between the NMOS and PMOS transistors. The third 
form of the second preferred embodiment may readily form a trench for the oxide film 33 
simultaneously with a trench for the partial oxide film 31 to accordingly increase the 
possibility of easier layout than the isolation using the full oxide film 32. 
5 The complete isolation provided by the oxide film 33 is in some cases referred 

to hereinafter as the isolation provided by a combined isolation region comprising a 
^ complete isolation region and a partial isolation region which are continuous with each 

5 Other, the complete isolation region including a through part of the oxide film 33 which 

§1 extends through the SOI layer 3, the partial isolation region including a non-through part 

yj 10 of the oxide film 33 which does not extend through the SOI layer 3 and the well region 29 
s serving as part of the SOI layer 3 beneath the non-through part, 

ni <Fourth Form> 

O In a fourth form of the second preferred embodiment shown in Fig. 55, the 

S partial oxide film 31 which provides partial isolation by itself and the oxide film 33 of the 

15 combined isolation region have a flat and even top surface, thereby facilitating the 
patterning for the formation of the gate electrode 9. 
<Fifth Form> 

Fig. 56 is a detailed cross-sectional view of the oxide film 33 of the combined 
isolation region shown in Fig. 7. As shown in Fig. 56, the oxide film 33 has a central 

20 part (the through part) extending vertically from the top surface to the bottom surface of 
the SOI layer 3, and a peripheral part (the non-through part) which does not extend to the 
bottom surface thereof. Part of the SOI layer 3 which remains under the peripheral part 
of the oxide film 33 serves as the well region 29. The oxide film 33 having such a 
structure is formed so as to satisfy the inequality TA > TB where TA is the thickness of 

25 part of the SOI layer 3 which lies above the well region 29, and TB is the thickness of 



39 

part of the SOI layer 3 which lies under the peripheral part of the oxide film 33 (or the 
thickness of the well region 29). Specifically, the thickness of the well region 29 is set 
at less than one-half the thickness (TA + TB) of the SOI layer 3. 

The formation of the oxide film 33 so as to satisfy the inequality TA > TB as 
illustrated in the fifth form of the second preferred embodiment sufficiently increases a 
threshold voltage resulting from the isolation provided by the oxide film 33 (or a 
threshold voltage when the oxide film 33 is regarded as a gate oxide film) to provide a 
sufficiently high isolation breakdown voltage, and also sufficiently reduces the area of a 
PN junction of the drain/source region in contact with the well region 29 and the well 
region 29 to suppress the generation of a leakage current. This reduces the capacitance 
of the PN junction to achieve the high-speed operation of the semiconductor device. 

<Sixth Form> 

Fig. 57 is a detailed cross-sectional view of the oxide film 33 shown in Fig. 7. 
As shown in Fig* 57, the oxide film 33 is formed so as to satisfy the inequality WC < 
WD/2 where WC is the width (referred to as a complete isolation width) of the central 
part of the oxide film 33 which extends vertically from the top surface to the bottom 
surface of the SOI layer 3, and WD is the width (referred to as an oxide isolation width) 
of the entire oxide film 33. 

The structure of the sixth form of the second preferred embodiment ensures the 
sufficient area of the well region 29 formed under the peripheral part of the oxide film 33, 
to fix the electric potential of the substrate of the transistor at a level high enough to 
suppress the floating-substrate effect through the well region 29. Consequently, the 
transistor is stabilized in operation. 

Equalizing the complete isolation width WC in a chip facilitates the control of 
the isolation shape. Further, since only the patterning of the oxide film 33 is required to 
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provide electrical complete isolation between devices, the complete isolation width WC 
may be set at a minimum design width. This minimizes the chip area to greatly increase 
the degree of integration. 

<Modifications> 

The structure for providing complete isolation at least between the NMOS and 
PMOS transistors is illustrated in the second preferred embodiment. However, the 
second preferred embodiment may be applied to a structure for providing complete 
isolation between a memory part and a logic circuit part in a hybrid logic-memory circuit 
for noise reduction. 

An oxide film having different depths may be used for a plurality of types of 
partial isolation in place of the use of both the complete isolation region and the partial 
isolation region. In this case, a well region under part of the oxide film which is 
relatively deep need not connected to a body contact material such as a body region but 
may be floating for use as a complete isolation region. 

<First Manufacturing Method (First and Second Forms)> 

Figs. 8 through 11 are cross-sectional views showing an isolation process in a 
method of manufacturing the semiconductor device according to the first and second 
forms of the second preferred embodiment. The method shown in Figs. 8 through 11 
employs partial trench isolation and full trench isolation in combination. 

laitially, as shown in Fig, 8, the starting material is an SOI substrate comprised 
of the silicon substrate 1, the buried oxide film 2 and the SOI layer 3, the SOI substrate 
being formed by the SIMOX method and the like in which the buried oxide film 2 is 
formed by oxygen ion implantation. 

Referring to Fig. 9, an oxide film 41 having a thickness of about 20 nm is 
deposited on the SOI substrate, and a nitride film 42 having a thickness of about 200 nm 
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is deposited on the oxide film 41. The patterning of the isolation region using a 
patterned photoresist 43 as a mask etches a three-layer film comprised of the nitride film 
42, the oxide film 41 and the SOI layer 3 so that lower parts of the SOI layer 3 are left, to 
form a plurality of partial trenches 44. The plurality of partial trenches 44 have a 
5 predetermined width and extend substantially perpendicularly to the surface of the silicon 
substrate 1 to provide isolation which maintains small geometry without impairing the 
degree of integration. Ion implantation for the formation of high-concentration well 
regions 52 (corresponding to the well regions 11 and 12) as shown in Fig, 12 in this state 
may enhance an isolation breakdown voltage. 
10 Next, as shown in Fig. 10, a photoresist 45 is formed to cover some of the 

plurality of partial trenches 44. The remaining partial trench 44 which is not covered 
with the photoresist 45 is further etched to form a full trench 48 extending through the 
SOI layer 3. 

Then, an oxide film having a thickness of about 500 nm is deposited on top of 
15 the resultant structure by the HDPCVD (high-density plasma CVD) process and the like. 
Polishing is performed by the CMP process in a similar manner to the conventional 
trench isolation so that the nitride film 42 is removed partway. Thereafter, the nitride 
film 42 and the oxide film 41 are removed. This provides a structure in which the 
partial oxide film 31, the SOI layer 3 (well regions) therebeneath, and the full oxide film 
20 32 are selectively formed, as shown in Fig. 11. Thus polishing the oxide film by the 
CMP process provides the flat and even top surfaces of the partial oxide film 31 and the 
full oxide film 32. When the ion implantation shown in Fig. 12 is performed after the 
structure of Fig. 9 is provided, the high-concentration well regions 52 are formed beneath 
the partial oxide film 31 as shown in Fig. 13. The high-concentration well regions 52 
25 can fix the electric potential of the substrate with higher stability. 
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Then, an NMOS transistor is formed in an NMOS transistor formation region 
and a PMOS transistor is formed in a PMOS transistor formation region by the existing 
method. This provides the SOI structure of the first form shown in Fig. 5 or the SOI 
structure of the second form shown in Fig. 6. 
5 If the step shown in Fig. 10 is eliminated and the other steps are performed in 

the above-mentioned manner, only the partial trenches 44 are formed and the full trench 
48 is not formed. This provides the structure of the first preferred embodiment shown in 
'% Figs. 1 through 3 (the structure having the devices all of which are isolated by the partial 

m oxide film 31). 

|7| 10 <Second Manufacturing Method (First and Second Forms)> 

^ Figs. 14 through 18 are cross-sectional views showing another isolation process 

^ffj in the manufacturing method according to the first and second forms of the second 

O preferred embodiment. The method shown in Figs. 14 through 18 employs the partial 

C trench isolation and the full trench isolation in combination. 

15 Initially, as shown in Fig. 14, the starting material is a multilayer structure 

comprised of the silicon substrate 1, the buried oxide film 2 and a silicon layer 50. The 
silicon layer 50 is made thicker than the SOI layer 3 to be finally provided. 

Referring to Fig. 15, the oxide film 41 is deposited on the SOI substrate, and 
the nitride film 42 is deposited on the oxide film 41. The patterning of the isolation 
20 region using a patterned photoresist 46 as a mask etches the nitride film 42 and the oxide 
film 41 so that the surface of the silicon layer 50 is exposed, to form the plurality of 
partial trenches 44. 

With reference to Fig. 16, a photoresist 49 is formed to cover some of the 
plurality of partial trenches 44. The remaining partial trench 44 which is not covered 
25 with the photoresist 49 is further etched to form the full trench 48 extending through the 
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silicon layer 50. 

Then, an oxide film is deposited on top of the resultant structure by the 
HDPCVD process and the like. Polishing is performed by the CMP process in a similar 
manner to the conventional trench isolation so that the nitride film 42 is removed partway. 
5 Thereafter, the nitride film 42 and the oxide film 41 are removed. This provides a 
structure in which the partial oxide film 31, the silicon layer 50 (well regions) 
therebeneath, and the full oxide film 32 are selectively formed, as shown in Fig. 17. 

As illustrated in Fig. 18, an epitaxial silicon layer 51 is formed by the epitaxial 
growth from the silicon layer 50. This provides the high-crystallinity SOI layer 3 
10 comprised of the silicon layer 50 and the epitaxial silicon layer 51. 

Then, an NMOS transistor is formed in the NMOS transistor formation region 
and a PMOS transistor is formed in the PMOS transistor formation region by the existing 
method. This provides the SOI structure of the first form shown in Fig. 5 or the SOI 
structure of the second form shown in Fig. 6. 
15 <Third Manufacturing Method (Third Form)> 

Figs. 19 through 22 are cross-sectional views showing still another isolation 
process in the manufacturing method according to the third form of the second preferred 
embodiment. The method shown in Figs. 19 through 22 features the formation of partial 
trenches having different widths. 
20 Referring to Fig. 19, relatively wide partial trenches 44A and relatively narrow 

partial trenches 44B are formed. The partial trenches 44A are used for complete 
isolation, and the partial trenches 44B are used for partial isolation. The partial trenches 
44A and 44B are formed so that lower parts of the SOI layer 3 are left. 

Then, as shown in Fig. 20, oxide films 47 are formed as sidewalls on the side 
25 surfaces of the partial trenches 44A and 44B so as to cover the bottom surfaces of the 
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partial trenches 44B but expose the bottom center portions of the partial trenches 44A. 

This utilizes the fact that the width of the partial trenches 44B is less than that of the 

partial trenches 44A. 

As depicted in Fig. 21, silicon etching is performed on the SOI layer 3 using the 

oxide films 47 as a mask to remove parts of the SOI layer 3 which are not covered with 

the oxide films 47, including parts of the SOI layer 3 which are positioned under the 

bottom center portions of the partial trenches 44A, to expose the surface of the buried 

oxide film 2 in the partial trenches 44A. 

Then, an oxide film having a thickness of about 500 nm is deposited on top of 
the resultant structure by the HDPCVD process and the like. Polishing is performed by 
the CMP process in a similar manner to the conventional trench isolation so that the 
nitride film 42 is removed partway. Thereafter, the nitride film 42 and the oxide film 41 
are removed. This provides a structure in which the partial oxide film 31 (with the SOI 
layer 3 therebeneath), and the oxide film 33 (with the SOI layer 3 beneath the parts 
thereof) are selectively formed, as shown in Fig. 21. 

Then, an NMOS transistor is formed in the NMOS transistor formation region 
and a PMOS transistor is formed in the PMOS transistor formation region by the existing 
method. This provides the SOI structure of the third form of the second preferred 
embodiment shown in Fig. 7. 

<Fourth Manufacturing Method (Third Form)> 

Figs. 23 through 27 are cross-sectional views showing still another isolation 
process in the manufacturing method according to the third form of the second preferred 
embodiment. The method shown in Figs. 23 through 27 features the formation of partial 
trenches having different widths. 

Initially, as shown in Fig. 23, the starting material is the SOI substrate 
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comprised of the silicon substrate 1, the buried oxide film 2, and the SOI layer 3. 

Referring to Fig. 24, the relatively wide partial trenches 44A and the relatively 
narrow partial trenches 44B are formed. The partial trenches 44A are used for complete 
isolation, and the partial trenches 44B are used for partial isolation. The partial trenches 
44A and 44B are formed so that lower parts of the SOI layer 3 are left. 

Next, as shown in Fig. 25, the photoresist 49 is patterned so as to entirely fill 
the partial trenches 44B and to cover the side surfaces of the partial trenches 44A. This 
ensures that the bottom center portions of the partial trenches 44A are exposed. 

Thereafter, with reference to Fig. 26, silicon etching is performed on the SOI 
layer 3 using the photoresist 49 as a mask to remove parts of the SOI layer 3 which are 
not covered with the photoresist 49, including parts of the SOI layer 3 which are 
positioned under the bottom center portions of the partial trenches 44A, to expose the 
surface of the buried oxide film 2 in the partial trenches 44A. 

Then, an oxide film is deposited on top of the resultant structure by the 
HDPCVD process and the like. Polishing is performed by the CMP process in a similar 
manner to the conventional trench isolation so that the nitride film 42 is removed partway. 
Thereafter, the nitride film 42 and the oxide film 41 are removed. This provides a 
structure in which the partial oxide film 31 (with the SOI layer 3 therebeneath), and the 
oxide film 33 (with the SOI layer 3 therebeneath) are selectively formed, as shown in Fig. 
27. 

<Fifth Manufacturing Method (Third Form)> 

Figs. 58 through 62 are cross-sectional views showing a further isolation 
process in the manufacturing method according to the third form of the second preferred 
embodiment. 

Initially, as shown in Fig. 58, the starting material is the SOI substrate 
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comprised of the silicon substrate 1, the buried oxide film 2, and the SOI layer 3. 

Referring to Fig. 59, the oxide film 41 is deposited on the SOI substrate, and 
the nitride film 42 is deposited on the oxide film 41. The patterning of the isolation 
region using a patterned photoresist 213 as a mask etches the nitride film 42, the oxide 
film 41 and the SOI layer 3 so that the surface of the buried oxide film 2 is exposed, to 
form a plurality of trenches 214. 

Next, as shown in Fig. 60, a photoresist 215 is selectively formed on the 
remaining nitride film 42. The photoresist 215 has an opening including each of the 
trenches 214 and having a width greater than the width of the trenches 214. 

As illustrated in Fig. 61, the nitride film 42, the oxide film 41 and part of the 
SOI layer 3 are etched by using the photoresist 215 as a mask, to simultaneously form 
partial trenches 216 with the SOI layer 3 lying therebeneath and combined trenches 217 
each including a through part extending through the SOI layer 3 in a central part and a 
non-through part beneath which the SOI layer 3 remains. 

Then, an oxide film is deposited on top of the resultant structure by the 
HDPCVD process and the like. Polishing is performed by the CMP process in a similar 
manner to the conventional trench isolation so that the nitride film 42 is removed partway. 
Thereafter, the nitride film 42 and the oxide film 41 are removed. This provides a 
structure in which the partial oxide film 31(with the SOI layer 3 therebeneath), and the 
oxide film 33 (with the SOI layer 3 beneath the parts thereof) are selectively formed, as 
shown in Fig. 62. 

<Sixth Manufacturing Method (Third Form)> 

In an extreme example of the manufacturing method, etching the partial 
isolation region so that a trench extends through the SOI layer 3 and then filling the 
trench with an oxide film to change the partial isolation region into a complete isolation 
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region may be performed after the step of forming the gate electrode of a transistor 
isolated by partial isolation or during the later step of making a contact and an 
interconnect line. 

<Modifications> 

5 The manufacturing methods of the second preferred embodiment include 

forming the SiN/Si02 multilayer on the SOI layer for trench isolation, and filling the 
trenches with the isolation oxide films. Similar effects are provided by other variable 
methods, e.g. a method including filling the trenches using an SiN/poly-Si/Si02 
multilayer in place of the SiN/SiOa multilayer, oxidizing the multilayer, and rounding the 

10 comers of the trenches. 

«Third Preferred Embodiment» 
<First Form> 

Fig. 28 is a cross-sectional view of a first form of the semiconductor device 
15 having the SOI structure according to a third preferred embodiment of the present 
invention. 

As shown in Fig. 28, a complete isolation structure using the full oxide film 32 
is provided in a region wherein a circuit (first circuit) is to be formed which requires 
integration (since the partial oxide film 31 has a slightly lower degree of integration than 

20 the full oxide film 32 because of the well regions formed therebeneath) but which is less 
influenced by the floating-substrate effect. On the other hand, a partial isolation 
structure using the partial oxide film 31 and the well region 11 (12) therebeneath is 
provided in a region wherein a circuit (second circuit) for which the influence of the 
floating-substrate effect is a problem is to be formed. The isolation between the region 

25 wherein the first circuit is to be formed and the region wherein the second circuit is to be 
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formed is provided by the complete isolation structure using the full oxide film 32. 

As illustrated in Fig. 28, examples of the first circuit include an internal circuit 
and a digital circuit, and examples of the second circuit include an I/O buffer circuit and 
an analog circuit (a PLL circuit and a sense amplifier circuit). Other examples of the 
second circuit include a timing circuit, and a dynamic circuit. 

Thus, the first form of the third preferred embodiment takes into consideration 
how much the circuit to be formed is influenced by the floating-substrate effect to select 
the use of the partial isolation provided by the partial oxide film 31 and the use of the 
complete isolation provided by the full oxide film 32, thereby achieving the isolation 
structure which offers an excellent balance of the suppression of the floating-substrate 
effect and the improvement in integration. 

The structure of Fig. 28 may be obtained by using the first to fourth 
manufacturing methods of the second preferred embodiment to selectively form the 
partial oxide film 31 and the full oxide film 32 (oxide film 33) for isolation and then to 
form the first and second circuits, 

<Second Form> 

Fig. 29 is a cross-sectional view of a second form of the semiconductor device 
having the SOI structure according to the third preferred embodiment of the present 
invention. As shown in Fig. 29, a partial SOI layer 3B for the formation of the first 
circuit to be completely isolated is thinner than a partial SOI layer 3A for the formation of 
the second circuit to be partially isolated. A full oxide film 34, a drain region 5t, a 
source region 6t and a channel formation region 7t which are formed in the partial SOI 
layer 3B are accordingly thinner. 

The second form of the third preferred embodiment is characterized in that the 
partial SOI layer 3B for the formation of the first circuit is thinner than the partial SOI 
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layer 3A for the formation of the second circuit. Thus, etching using the same trench 
etching conditions allows the separate formation of the partial trenches for the partial SOI 
layer 3A and the full trenches for the partial SOI layer 3B. Therefore, the second form 
of the third preferred embodiment simplifies the manufacturing method, for example, the 
omission of the step shown in Fig. 10 in the first manufacturing method, to provide the 
complete isolation on the partial SOI layer 3B and the partial isolation on the partial SOI 
layer 3A. 

Regardless of whether the complete isolation or the partial isolation is provided, 
it is preferable to increase the thickness of the SOI layer for the formation of the I/O 
buffer circuit, analog circuit (PLL, sense amplifier), timing circuit and dynamic circuit 
which correspond to the second circuit for which a fixed substrate potential is required. 
The second form of the third preferred embodiment is reasonable in this regard, and can 
effectively suppress the rise of temperature using film thickness particularly if it is 
applied to a protective circuit. 

<Third Form> 

A third form of the third preferred embodiment features the semiconductor 
device having the SOI structure in which the complete isolation using at least the full 
oxide jBlm 32 may be employed as the isolation between a noise source such as an I/O 
circuit and an RF circuit and other circuits, and the isolation using the partial oxide film 
31 may be employed as the isolation of other portions. This reduces the influence of 
noises upon the internal circuit and minimizes the influence of the floating-substrate 
effect. 

«Fourth Preferred Embodiment» 

Figs. 30 and 31 are cross-sectional views of the semiconductor device having 
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the SOI structure according to a fourth preferred embodiment of the present invention, 
and correspond to the cross sections of the first preferred embodiment taken along the 
lines A-A and B-B of Fig. 3, respectively. 

As shown in Figs. 30 and 31, the semiconductor device having the SOI 
5 structure comprised of the silicon substrate 1, the buried oxide film 2 and the SOI layer 3 
is constructed such that a partial oxide film 71 with well regions formed therebeneath 
isolates the transistor formation regions in the SOI layer 3 from each other. A p-type 
yfl polysilicon region 61 is formed beneath part of the partial oxide film 71 which isolates 

y1 NMOS transistors from each other, and an n-type polysilicon region 62 is formed beneath 

# 10 part of the partial oxide film 71 which isolates PMOS transistors from each other. The 
p-type polysilicon region 61 (closer to NMOS transistors) and the n-type polysilicon 
region 62 (closer to PMOS transistors) are formed in side-by-side relation beneath part of 
the partial oxide film 71 which isolates NMOS and PMOS transistors from each other. 

As illustrated in Fig. 31, the body region 10 is surrounded by the polysilicon 
15 region 61 in the SOI layer 3. The body region 10 is in contact with an adjacent part of 
the polysilicon region 61. The interconnect layer 25 formed on the interlayer insulation 
film 4 is electrically connected through the body contact 23 formed in the interlayer 
insulation film 4 to the body region 10. 

Thus, the semiconductor device of the fourth preferred embodiment utilizes the 
20 polysilicon regions 61 and 62 formed beneath the partial oxide film 71 as the well regions, 
and has the electric potential fixed through the body region 10. Therefore, the 
semiconductor device of the fourth preferred embodiment stabilizes the potential of the 
channel formation region 7 to reduce the floating-substrate effect. 

Alternatively, as shown in Fig. 32, the partial oxide film 71 and the polysilicon 
25 region 61 (62) formed therebeneath may isolate the NMOS transistors from each other 
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and isolate the PMOS transistors from each other, and the full oxide film 32 may provide 
isolation between the PMOS and NMOS transistors. Such an arrangement is more 
advantageous than the arrangement shown in Figs. 30 and 31 in that it reduces the 
isolation width between the PMOS and NMOS transistors and prevents latchup. 
<Manufacturing Method> 

Figs. 33 through 37 are cross-sectional views showing an isolation process in 
the method of manufacturing the semiconductor device according to the fourth preferred 
embodiment. 

Initially, as shown in Fig. 33, the starting material is the SOI substrate 
comprised of the silicon substrate 1, the buried oxide film 2 and the SOI layer 3. The 
oxide film 41 is deposited on the SOI substrate, and the nitride film 42 is deposited on the 
oxide film 41. The patterning of the isolation region using the patterned photoresist 43 
as a mask forms a plurality of trenches 144 extending through a three-layer film 
comprised of the nitride film 42, the oxide film 41 and the SOI layer 3. 

Referring to Fig. 34, a polysilicon layer 65 with a well-controlled film thickness 
is deposited to entirely cover the resultant structure. Thereafter, as depicted in Fig. 35, a 
photoresist 66 is formed to cover some of the plurality of trenches 144. The polysilicon 
layer 65 in the remaining trench 144 which is not covered with the photoresist 66 is 
etched away to form the full trench 48. 

Then, a trench-filling oxide film is deposited to entirely cover the resultant 
structure by the HDPCVD process and the like. Polishing is performed by the CMP 
process in a similar manner to the conventional trench isolation so that the nitride film 42 
is removed partway. Thereafter, the nitride film 42 and the oxide film 41 are removed. 
This provides a structure in which a polysilicon region 67, an oxide film 68 remaining 
therein, and the full oxide film 32 are selectively formed, as shown in Fig. 36. 
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With reference to Fig. 37, the polysilicon region 67 is oxidized to complete a 
partial isolation structure having the partial oxide film 71 including the oxide film 68 and 
the oxidized part of the polysilicon region 67, and the polysilicon region 61 (62) left 
unoxidized. 

Since the degree of oxidation of the polysilicon region 67 is higher than that of 
an oxide film 70 formed on the SOI layer 3, a sufficient level difference is caused 
between the surface of the SOI layer 3 and the top of the polysilicon region 61 (62) to 
prevent a short circuit between the gate electrode 9 and the polysilicon region 61 due to 
defectiveness of the oxide film during the formation of the gate oxide film. 

Then, an NMOS transistor is formed in the NMOS transistor formation region 
and a PMOS transistor is formed in the PMOS transistor formation region by the existing 
method. This provides the SOI structure shown in Fig. 32. 

«Fifth Preferred Embodiment» 
<First Form> 

Fig. 38 is a cross-sectional view of a first form of the semiconductor device 
having the SOI structure according to a fifth preferred embodiment of the present 
invention. As shown in Fig. 38, the semiconductor device having the SOI structure 
comprised of the silicon substrate 1, the buried oxide film 2 and the SOI layer 3 is 
constructed such that a low dielectric constant film (an insulation film having a dielectric 
constant lower than that of general insulation films such as the buried oxide film 2) 75 
with well regions formed therebeneath isolates the transistor formation regions in the SOI 
layer 3 fi-om each other. In a similar manner to the first preferred embodiment, the p- 
type well region 11 is formed beneath part of the low dielectric constant film 75 which 
isolates NMOS transistors from each other, and the n-type well region 12 is formed 
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beneath part of the low dielectric constant film 75 which isolates PMOS transistors from 
each other. A p-type well region and an n-type well region (both not shown in Fig, 38) 
are formed beneath part of the low dielectric constant film 75 which isolates NMOS and 
PMOS transistors from each other. The electric potential may be fixed through the well 
regions described above, similar to those of the first preferred embodiment, and the body 
region electrically connected thereto. 

In the SOI structure, the thickness of the SOI layer 3 is in some cases as thin as 
about 50 nm. At this time, there is a danger that the well region formed beneath the 
isolating oxide film (the partial oxide film 31 of Fig. 1) is depleted or inverted to cause a 
leakage current to flow between the transistors to be isolated from each other. 

In the first form of the fourth preferred embodiment, the low dielectric constant 
film 75 is used for device isolation to sufficiently suppress the capacitance thereof even if 
the thickness thereof is very thin, thereby positively avoiding the generation of the 
leakage current. 

The low dielectric constant film 75 used herein is a silicon oxide film (having a 
relative dielectric constant on the order of 3.9 to 4) for use as the buried oxide film 2 with 
fluorine mixed therein, and an organic film, which have a relative dielectric constant of 
about three. 

<Second Form> 

Fig. 39 is a cross-sectional view of a second form of the fifth preferred 
embodiment. As shown in Fig. 39, a low dielectric constant film 76 and a silicon oxide 
film 78 formed on the bottom and side surfaces of the low dielectric constant film 76 are 
used in place of the low dielectric constant film 75 of Fig, 38 for device isolation. Other 
components of Fig. 39 are similar to those of the first form shown in Fig. 38. 

The silicon oxide film 78 is thus formed on the bottom and side surfaces of the 
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low dielectric constant film 76 to positively suppress the generation of defects at the 
interface with silicon (drain region 5, source region 6, well regions 11 and 12 and the 
like) and electric charges at the interface. The silicon oxide film 78 is formed using the 
thermal oxidation and CVD techniques. 
<Third Form> 

Fig. 40 is a cross-sectional view of a third form of the fifth preferred 
embodiment. As shown in Fig. 40, a low dielectric constant film 77 and a silicon oxide 
film 79 formed on the side surfaces of the low dielectric constant film 77 are used in 
place of the low dielectric constant film 75 of Fig. 38 for device isolation. Other 
components of Fig, 40 are similar to those of the first form shown in Fig. 38. 

The silicon oxide film 79 is thus formed on the side surfaces of the low 
dielectric constant film 77 with the primary aim of positively suppressing the generation 
of defects at the interface with silicon (drain region 5 and source region 6) disposed in 
lateral relation therewith and also with the channel formation region 7 and electric 
charges at the interface. 

«Sixth Preferred Embodiment» 
<First Form> 

Fig. 41 is a cross-sectional view of a first form of the semiconductor device 
having the SOI structure according to a sixth preferred embodiment of the present 
invention. 

As shown in Fig, 41, the interlayer insulation film 4 (although a portion 
corresponding to the full oxide film 32 is also illustrated as the interlayer insulation film 
4) completely isolates the devices from each other, A connection region 80 serving as a 
body region is formed in an upper portion of the buried oxide film 2, and parts of the 
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connection region 80 are in contact with the bottom surfaces of the end portions of the 
SOI layer 3 (the drain region 5 and the channel formation region 7 in Fig. 41) to maintain 
electric connection thereto. The connection region 80 is of the same conductivity type 
as the channel formation region 7, Like reference numerals are used to designates 
components similar to those of Figs. 1 and 2, and the description thereon will be 
dispensed with. 

Thus, the semiconductor device of the first form of the sixth preferred 
embodiment is designed such that the connection region 80 serving as the body region is 
provided in the upper portion of the buried oxide film 2, rather than in the SOI layer 3, to 
provide a level difference at least equal to or greater than the thickness of the SOI layer 3 
from the gate electrode 9. As a result, the first form of the sixth preferred embodiment 
can positively avoid a troublesome short circuit between the gate electrode 9 and the 
connection region 80 during the manufacture, 

<Second Form> 

Fig. 42 is a cross-sectional view of a second form of the semiconductor device 
having the SOI structure according to the sixth preferred embodiment of the present 
invention. 

As shown in Fig. 42, the shallow drain region 5s and the shallow source region 
6s are formed in the upper portion of the SOI layer 3. Other components of Fig. 42 are 
similar to those of the first form shown in Fig. 41. 

Thus, the semiconductor device according to the second form of the sixth 
preferred embodiment is designed such that the shallow drain region 5s and the shallow 
source region 6s are formed in the upper portion of the SOI layer 3 to maintain contact 
with the connection region 80 and to positively avoid a leakage current. 

<Concept of Manufacturing Method> 
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Figs. 43 through 45 are cross-sectional views conceptually showing the process 
of forming a polysilicon region serving as the connection region 80, 

First, as shown in Fig, 43, the SOI structure comprised of the silicon substrate 1, 
the buried oxide film 2 and the SOI layer 3 is prepared, and the SOI layer 3 is selectively 
removed from the surface of the SOI structure to form a trench-isolated device formation 
region. 

Referring to Fig. 44, wet etching is performed on the buried oxide film 2 using 
the SOI layer 3 as a mask to remove parts of the buried oxide film 2 which underlie the 
bottom surface of the end portions of the SOI layer 3 and upper parts of the buried oxide 
film 2 which are not covered with the SOI layer 3, thereby forming holes 94, 

As illustrated in Fig. 45, the holes 94 are filled with polysilicon to form a 
polysilicon region 81 for the connection region 80. 

<First Manufacturing Method> 

Figs. 46 through 48 are cross-sectional views showing a first process for 
forming the polysilicon region serving as the connection region 80 in greater detail. 

First, as shown in Fig. 46, a silicon oxide film 91 is deposited on the SOI layer 
3 of the SOI substrate, and a silicon nitride film 92 is deposited on the silicon oxide film 
91. The SOI layer 3, the silicon oxide film 91 and the silicon nitride film 92 are 
patterned for trench isolation. Sidewall silicon nitride films 93 are formed on the side 
surfaces of the patterned SOI layer 3, silicon oxide film 91 and silicon nitride film 92. 

With reference to Fig. 47, wet etching is performed on the buried oxide film 2 
using the silicon nitride film 92 and the sidewall silicon nitride films 93 as a mask to 
remove parts of the buried oxide film 2 which underlie the bottom surface of the end 
portions of the SOI layer 3 and upper parts of the buried oxide film 2 which are not 
covered with the SOI layer 3 but are exposed, thereby forming the holes 94. 
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Thereafter, as illustrated in Fig, 48, a polysilicon layer is deposited on top of the 
resultant structure, and is then etched back by dry etching to fill the holes 94 with 
polysilicon, thereby forming the polysilicon region 81 serving as the connection region 
80. 

Subsequently, the step shown in Fig. 11 is performed. Specifically, the 
plurality of device formation regions are insulated from each other by filling the trenches 
with the oxide film or by other methods, and the connection region 80 is allowed to 
externally fix the electric potential. Then, predetermined devices are formed in the 
plurality of device formation regions, respectively. This completes the structure shown 
in Fig. 41 or Fig. 42. 

<Second Manufacturing Method> 

Figs. 49 through 51 are cross-sectional views showing a second process for 
forming the polysilicon region serving as the connection region 80 in detail. 

First, as shown in Fig. 46, the SOI layer 3, the silicon oxide film 91 and the 
silicon nitride film 92 are patterned for trench isolation. The sidewall silicon nitride 
films 93 are formed on the side surfaces of the patterned SOI layer 3, silicon oxide film 
91 and silicon nitride film 92. 

With reference to Fig. 49, wet etching is performed on the buried oxide film 2 
using the silicon nitride film 92 and the sidewall silicon nitride films 93 as a mask to 
remove parts of the buried oxide film 2 which underlie the bottom surface of the end 
portions of the SOI layer 3 and upper parts of the buried oxide film 2 which are not 
covered with the SOI layer 3, thereby forming the holes 94. 

Next, as depicted in Fig. 50, epitaxially grown layers 82 are formed under the 
sidewall silicon nitride films 93 by the epitaxial growth from the exposed bottom surface 
of the SOI layer 3. 
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Thereafter, as illustrated in Fig. 51, a polysilicon layer is deposited on top of the 
resultant structure, and is then etched back to fill the holes 94 with polysilicon, thereby 
forming polysilicon regions 83 for the connection region 80. Consequently, the 
epitaxially grown layers 82 and the polysilicon regions 83 constitute the connection 
region 80. 

Subsequently, the plurality of device formation regions are insulated from each 
other by filling the trenches with the oxide film or by other methods, and the connection 
region 80 is allowed to externally fix the electric potential. Then, predetermined devices 
are formed in the plurality of device formation regions, respectively. This completes the 
structure shown in Fig. 41 or Fig. 42. 

The structure of the second form of the sixth preferred embodiment includes the 
epitaxially grown layers 82 to provide a sufficient distance between the polysilicon 
regions 83 and a FN junction formed by the drain region 5 or the source region 6 and the 
channel formation region 7, providing satisfactory electrical characteristics. 

<Third Form> 

Fig. 52 is a cross-sectional view of a third form of the sixth preferred 
embodiment. The structure shown in Fig. 52 is provided by removing the silicon 
substrate 1 and the buried oxide film 2 by polishing from the structure shown in Fig. 41 
(except the connection region 80, the body contact 23, the gate contact 24 and the 
interconnect layers 22 and 25), turning the resultant structure upside down, bonding a 
silicon substrate 90 to a new bottom surface, and forming a connection region 86 on a 
new top surface. Thus, the SOI structure comprises the silicon substrate 90, the 
interlayer insulation film 4, and a device formation region (including the drain region 5, 
the source region 6, the channel formation region 7, and the like). 

The structure of the third form of the sixth preferred embodiment includes the 
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connection region 86 on the top surface as a consequence to facilitate the manufacturing 
step thereof. 

<Fourth Forin> 

Fig. 53 is a cross-sectional view of a fourth form of the sixth preferred 
5 embodiment. As shown in Fig. 53, connection regions 87 are formed vertically through 
the buried oxide film 2. Other components of Fig. 53 are similar to those of the first 
form shown in Fig. 41. 

Thus, the fourth form of the sixth preferred embodiment is designed such that 
the connection regions 87 extend through the buried oxide film 2 to fix the electric 
10 potential from the silicon substrate 1 serving as a support substrate. Each of the 
connection regions 87 may be formed by forming a through opening comprised of a hole 
89 formed in an upper part of the buried oxide film 2 by wet etching, and a through 
portion 88 formed vertically through the buried oxide film 2 which has no lateral area 
increase by dry etching, and then filling the through opening with polysilicon and the like. 
15 This provides the connection regions 87 extending vertically through the buried oxide 
film 2 while suppressing the lateral area increase of the through opening when formed. 

«Seventh Preferred Embodiment» 

Fig. 63 is a plan view for illustrating a method of designing a complete 
20 isolation region in the semiconductor device having the SOI structure according to a 
seventh preferred embodiment of the present invention. As shown in Fig. 63, a general 
configuration of a CMOS transistor is such that a PMOS active region 101 and a PMOS 
body contact region 102 are selectively formed in a virtual n well region 104, and an 
NMOS active region 111 and an NMOS body contact region 112 are selectively formed 
25 in a P region (not shown) outside the virtual n well region 104. 
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When the combined isolation region illustrated in the third form (Fig. 7) of the 
second preferred embodiment provides isolation between the NMOS and PMOS 
transistors, the virtual n well region 104 substantially corresponds to the partial isolation 
region, and the complete isolation region is continuous with the partial isolation region. 

There is a high possibility that layout data accumulated in the past is available 
to construct a layout of the semiconductor device using the combined isolation region. 

Therefore, the complete isolation region is automatically generated by 
executing a designing method comprising the steps of: 

(1) obtaining the past data concerning a CMOS device including a PMOS 
transistor inside a well region and an NMOS transistor outside the well region; 

(2) defining first and second MOS transistor formation regions (the PMOS 
active region 101, the PMOS body contact region 102, the NMOS active region 111 and 
the NMOS body contact region 112) based on the past data; and 

(3) defining a complete isolation region 105 in the vicinity of the outer 
periphery of the virtual n well region 104, assuming a well region in the past data as the 
virtual n well region 104. 

Since the virtual n well region 104 generally makes a distinction between the 
NMOS and PMOS regions, the definition of the complete isolation region based on the 
virtual n well region 104 provides effective isolation between the NMOS and PMOS 
transistors. 

In the instance shown in Fig. 63, the complete isolation region 105 is defined so 
that an outer periphery thereof is outwardly spaced a distance W/2 that is one-half the 
complete isolation width W apart from the outer periphery of the virtual n well region 104 
and an inner periphery thereof is inwardly spaced the distance W/2 apart therefrom. 

Thus, the complete isolation region is automatically defined based on the 
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complete isolation width W in the vicinity of the outer periphery of the well region in the 
past data for the manufacture of the conventional CMOS transistor. 

Further, a partial isolation region 113 may be defined in continuous relation 
with the virtual n well region 104 except in the PMOS active region 101, the PMOS body 
contact region 102, the virtual n well region 104, the NMOS active region 111 and the 
NMOS body contact region 112. The combined isolation region including the complete 
isolation region 105 and the partial isolation region 113 is thus designed. 

«Eighth Preferred Embodiment» 
<Latchup Phenomenon> 

The latchup phenomenon will be described with reference to Fig. 64. As 
shown in Fig. 64, a CMOS structure having a PMOS region 131 and an NMOS region 
141 which are adjacent to each other includes a parasitic bipolar transistor Tl comprised 
of a PMOS active region 133 in the PMOS region 131, an n well region 132 in the PMOS 
region 131 and a p well region 142 in the NMOS region 141, and a parasitic bipolar 
transistor T2 comprised of an NMOS active region 143 in the NMOS region 141, the p 
well region 142 in the NMOS region 141 and the n well region 132 in the PMOS region 
131. 

An n* body contact region 135 is connected to the base of the parasitic bipolar 
transistor Tl through a resistance element Rll of the n well region 132. Likewise, a p"" 
body contact region 145 is connected to the base of the parasitic bipolar transistor T2 
through a resistance element R12 of the p well region 142. The n"" body contact region 
135 is set at a power supply voltage Vcc and the p* body contact region 145 is set at a 
ground level Vss. Gate electrodes 134 and 144 are formed in mid portions of the PMOS 
active region 133 and the NMOS active region 143, respectively. 
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The parasitic bipolar transistors Tl and T2 constitute a parasitic thyristor 
structure to give rise to the latchup phenomenon in which current continues flowing from 
the power supply voltage Vcc to the ground level Vss once noises turn on the parasitic 
thyristor. 

<First Form> 

In general, the noises which induce the latchup phenomenon often enter the 
CMOS structure at an input/output terminal. To prevent this, as shown in Fig. 65, a 
complete isolation region 114 is preferably disposed in the vicinity of a boundary between 
an input/output NMOS (transistor formation) region 106 and an input/output PMOS 
(transistor formation) region 116 to provide complete isolation therebetween. A partial 
isolation region 107 partially isolates the I/O NMOS region 106 from its surrounding 
region, and a partial isolation region 117 partially isolates the I/O PMOS region 116 from 
its surrounding region. 

The input/output regions mean regions in which an input/output buffer and a 
protective circuit are mainly to be formed. Fig. 66 is a circuit diagram of an input circuit. 
As illustrated in Fig. 66, an external input terminal PI for receiving an input signal IN is 
connected to the input of an input buffer 122 through resistors Rl and R2. The output of 
the input buffer 122 is connected to an internal input terminal P2 which outputs an 
internal signal SO. 

An input protective circuit 121 comprises a PMOS transistor Ql and an NMOS 
transistor Q2. The PMOS transistor Ql has a source connected to the power supply 
voltage Vcc, a gate connected to the power supply voltage Vcc, and a drain connected to a 
node Nl between the resistors Rl and R2. The NMOS transistor Q2 has a source 
grounded, a gate grounded, and a drain connected to the node Nl. 

The input buffer 122 comprises a PMOS transistor Qll and an NMOS 
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transistor Q12 which constitute a CMOS inverter. The gates of the PMOS and NMOS 
transistors Qll and Q12 serve as the input of the CMOS inverter, and the drains thereof 
serve as the output of the CMOS inverter. 

In this circuit arrangement, the PMOS transistors Ql and Qll are formed in an 
input PMOS region 118, and the NMOS transistors Q2 and Q12 are formed in an input 
NMOS region 108. 

Fig. 67 is a circuit diagram of an output circuit. As illustrated in Fig. 67, an 
internal input terminal P3 for receiving an internal signal SI is connected to the input of 
an output buffer 123. A signal from the output of the output buffer 123 is outputted 
through an external output terminal P4 as an output signal OUT. 

The output buffer 123 comprises a PMOS transistor Q13 and an NMOS 
transistor Q14 which constitute a CMOS inverter. The gates of the PMOS and NMOS 
transistors Q13 and Q14 serve as the input of the CMOS inverter, and the drains thereof 
serve as the output of the CMOS inverter. 

An output protective circuit 124 comprises a PMOS transistor Q3 and an 
NMOS transistor 04. The PMOS transistor Q3 has a source connected to the power 
supply voltage Vcc, a gate connected to the power supply voltage Vcc, and a drain 
connected to the external output terminal P4. The NMOS transistor Q4 has a source 
grounded, a gate grounded, and a drain connected to the external output terminal P4, 

In this circuit arrangement, the PMOS transistors Q3 and Q13 are formed in an 
output PMOS region 119, and the NMOS transistors Q4 and Q14 are formed in an output 
NMOS region 109. 

In the first form of the eighth preferred embodiment, the complete isolation 
region 114 is formed at least in the vicinity of the boundary between the I/O NMOS 
region 106 and the I/O PMOS region 116 in which the latchup is prone to occur, to 
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provide complete isolation therebetween, thereby producing a latchup-free structure. 

Further, in the first form of the eighth preferred embodiment, the complete 
isolation region does not entirely extend between the NMOS and PMOS regions, but the 
complete isolation region 114 is provided only in the vicinity of the boundary between the 
5 I/O NMOS and PMOS regions. This effectively suppresses the latchup phenomenon 
and minimizes the increase in circuit area. 
<Second Form> 

Although the complete isolation region 114 for complete isolation between the 
I/O NMOS and PMOS regions 106 and 116 is shown in Fig. 65 as provided only in the 
10 vicinity of the boundary therebetween, a complete isolation region 115 may be formed to 
completely surround the I/O NMOS region 106 and the I/O PMOS region 116 in a second 
form of the eighth preferred embodiment as shown in Fig. 68. 

Further, a complete isolation region may be provided between specific circuits, 
e.g. between an analog circuit and a digital circuit, as well as between the I/O NMOS and 
15 PMOS regions. 

<Third Form> 

Fig. 69 illustrates a third form of the eighth preferred embodiment. As shown 
in Fig. 69, a complete isolation region 110 provide complete isolation between NMOS 
regions (the I/O NMOS region 106 and an internal NMOS region 180) and PMOS regions 
20 (the I/O PMOS region 116 and an internal PMOS region 190) and also between an I/O 
region (the I/O PMOS region 116) and an internal circuit region (the internal NMOS 
region 180). 

The third form of the eighth preferred embodiment produces the effect of 
completely precluding from the internal circuit region the influence of the I/O region 
25 susceptible to noises, in addition to the effects of the first and second forms thereof. 
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«Ninth Preferred Embodiment» 
<First Form> 

Fig, 70 is a plan view of a first form of the semiconductor device having the 
5 SOI structure according to a ninth preferred embodiment of the present invention. Fig. 
71 is a cross-sectional view taken along the line A-A of Fig. 70. As depicted in Figs. 70 
and 71, an NMOS (transistor formation) region 126 and a PMOS (transistor formation) 
region 136 are disposed adjacent to each other. An NMOS active region 128 having a 
plurality of gate electrodes 129 and a p"^ body region 130 are formed in the NMOS region 
10 126, and a partial isolation region 127 surrounds the NMOS active region 128. 

A PMOS active region 138 having a plurality of gate electrodes 139 and an n"^ 
body region 140 are formed in the PMOS region 136, and a partial isolation region 137 
and a complete isolation region 120 surround the PMOS active region 138. The 
complete isolation region 120 is provided in the PMOS region 136 in the vicinity of a 
15 boundary between the NMOS and PMOS regions 126 and 136 so as to surround parts of 
the gate electrodes 139 which extend outwardly of the PMOS active region 138. 

Thus, in the vicinity of the boundary between the NMOS region 126 and the 
PMOS region 136, the partial isolation region 127 including an oxide film 54 and a well 
region 169 isolates the NMOS region 126 from its surrounding region, and the complete 
20 isolation region 120 including only the oxide film 54 isolates the PMOS region 136 from 
its surrounding region, as illustrated in Fig. 71. 

Thus, no complete isolation region is formed in the NMOS region 126 but the 
partial isolation region 127 is formed therein to sufficiently fix the electric potential of the 
substrate of the NMOS transistor through the well region 169 beneath the oxide film 54. 
25 This effectively suppresses the floating-substrate effect of the NMOS transistor which 
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exhibits a substantial degree of floating-substrate effect. 

The PMOS transistor which exhibits a lower degree of floating-substrate effect 
than the NMOS transistor is not significantly affected if the complete isolation region is 
formed partially around the PMOS transistor. The complete isolation region 120 
provides insulative isolation between the NMOS region 126 and the PMOS region 136 
and is disposed for high area efficiency. This is effective if there is little space for 
layout, 

<Second Form> 

Fig. 72 is a plan view of a second form of the semiconductor device having the 
SOI structure according to the ninth preferred embodiment of the present invention. Fig. 
73 is a cross-sectional view taken along the line B-B of Fig. 72. As depicted in Figs. 72 
and 73, the NMOS region 126 formed in the p" well region 169 and the PMOS region 136 
formed in an n~ well region 179 are disposed adjacent to each other. 

The NMOS active region 128 having the plurality of gate electrodes 129 is 
formed in the NMOS region 126, and a complete isolation region 125 almost entirely 
surrounds the NMOS active region 128. The partial isolation region 127 isolates only a 
first end of each of the gate electrodes 129 (which is located on opposite side from the 
PMOS transistor 136) from its surrounding region. 

As shown in Fig. 73, the oxide film 54 and the well region 169 formed in a 
lower part of the oxide film 54 constitute the partial isolation region 127. The partial 
isolation region 127 may be greater (like the left-hand partial isolation region 127 of Fig. 
73) or smaller (like the right-hand partial isolation region 127 of Fig. 73) in width than 
the gate electrodes 129. The p"*" body region 130 is provided in the well region 169 in 
the vicinity of the first ends of the gate electrodes 129. 

The PMOS active region 138 having the plurality .of gate electrodes 139 is 
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formed in the PMOS region 136, and the complete isolation region 125 almost entirely 
surrounds the PMOS active region 138. As in the NMOS region 126, the partial 
isolation region 137 isolates only a first end of each of the gate electrodes 139 (which is 
located on opposite side from the NMOS transistor 126) from its surrounding region. 
5 The n^ body region 140 is provided in the well region 179 in the vicinity of the first ends 
of the gate electrodes 139, 

In the second form of the ninth preferred embodiment, the partial isolation 
regions isolate the respective first ends of the gate electrodes so that a channel formation 
region underlying the gate electrodes contacts the well region of the partial isolation 
10 region, thereby fixing the electric potentials of the substrates of the respective transistor 
formation regions. 

The complete isolation region 125 almost entirely surrounds the NMOS and 
PMOS regions 126 and 136 for the purposes of reducing the PN junction area and cutting 
off a path through which latchup occurs. 

15 

«Tenth Preferred Embodiment» 
<First Form> 

Fig. 74 is a plan view of a first form of the semiconductor device having the 
SOI structure according to a tenth preferred embodiment of the present invention. As 
20 depicted in Fig. 74, the plurality of gate electrodes 129 are formed in the NMOS active 
region 128, and the partial isolation region 127 surrounds the NMOS active region 128, 
A p"^ body region 146 surrounds the partial isolation region 127. Fig. 101 is a cross- 
sectional view taken along the line E-E of Fig. 74. 

As illustrated in Fig. 101, the partial isolation region 127 includes the oxide 
25 film 54 and the well region 169. The well region 169, which is formed in contact with a 
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channel formation region formed in the NMOS active region 128, is susceptible to noises 
and latchup. 

In the first form of the tenth preferred embodiment, however, the p"*" body 
region 146 is formed to surround the partial isolation region 127. Therefore, the 
substrate potential of the p"*" body region 146 may be fixed, e.g., at the ground level to 
suppress the influence of other circuit parts, thereby stabilizing the substrate potential. 
This significantly enhances resistance to noises and latchup. 

The first form of the tenth preferred embodiment as above described is suitable 
for a circuit block of a noise source, a circuit block in which external noise removal is 
desired, and the like. For the PMOS active region, an n^ body region may surround the 
partial isolation region, producing similar effects. 

<Second Form> 

Fig. 75 is a plan view of a second form of the semiconductor device having the 
SOI structure according to the tenth preferred embodiment of the present invention. As 
depicted in Fig. 75, an input/output NMOS region 151 and an input/output PMOS region 
152 are disposed adjacent to each other. 

In the I/O NMOS region 151, the plurality of gate electrodes 129 are formed in 
the NMOS active region 128, and a partial isolation region 127A surrounds the NMOS 
active region 128. The p"** body region 146 surrounds the partial isolation region 127A. 
A partial isolation region 127B surrounds the p"^ body region 146. 

In the I/O PMOS region 152, the plurality of gate electrodes 139 are formed in 
the PMOS active region 138, and a partial isolation region 137A surrounds the PMOS 
active region 138. An n^ body region 147 surrounds the partial isolation region 137A. 
A partial isolation region 137B surrounds the n^ body region 147. 

In general, I/O circuits are often influenced by surges and noises from the 
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exterior of the chip. It is hence particularly important to increase the resistance of the 
I/O circuits to latchup and noises. 

In the second form of the tenth preferred embodiment, the p"^ body region 146 
and the n"^ body region 147 surround the partial isolation regions 127A and 137A of the 
I/O NMOS and PMOS regions 151 and 152, respectively, to suppress the latchup 
phenomenon resulting from the increase in the potential of the well regions influenced by 
surges. 

The NMOS and PMOS active regions are entirely covered with the body 
regions in the second form of the tenth preferred embodiment. However, the body 
regions may be provided at least in the vicinity of a boundary between the I/O NMOS 
region 151 and the I/O PMOS region 152, thereby enhancing the resistance to latchup and 
noises to some degree. 

«Eleventh Preferred Embodiment» 
<First Form> 

Fig. 76 is a plan view of a first form of the semiconductor device having the 
SOI structure according to an eleventh preferred embodiment of the present invention. 

As shown in Fig. 76, the plurality of gate electrodes 129 are formed in the 
NMOS active region 128, and a floating partial isolation region 149 surrounds the NMOS 
active region 128. A complete isolation region 148 surrounds the floating partial 
isolation region 149. 

The floating partial isolation region 149 has a two-layer structure comprises of 
an oxide film and a well region similar to the partial oxide film 31 and the well region 11 
shown in Fig. 55. The well region of the floating partial isolation region 149 has a 
potential which is not fixed but is always floating. Since carriers generated by impact 
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ionization flow into the well region of the floating partial isolation region 149 if the well 
region of the floating partial isolation region 149 is floating, the increase in electric 
potential is minimized. Additionally, the well region of the floating partial isolation 
region 149 disperses the electric charge generated by cosmic rays, to enhance resistance 
5 to soft errors. 

The construction of the first form of the eleventh preferred embodiment which 
includes the floating partial isolation region 149 is effective for a high-density circuit, 
such as an SRAM, which is difficult to contact the body region. 

The provision of the complete isolation region 148 is desirable in terms of the 
10 enhancement of latchup-resistance, but is not necessarily required. 

<Second Form> 

Fig. 77 is a plan view of a second form of the semiconductor device having the 
SOI structure according to the eleventh preferred embodiment of the present invention. 

As illustrated in Fig. 77, a floating p"" body region 150 is provided in the 
15 floating partial isolation region 149. The remaining structure of the second form shown 
in Fig. 77 is similar to that of the first form shown in Fig. 76. 

The electric potential of the floating p" body region 150 is not fixed but is 
always floating. Accordingly, the well region of the floating partial isolation region 149 
is also floating. 

20 With the well region of the floating partial isolation region 149 floating in the 

second form, the increase in electric potential is minimized and the resistance to soft 
errors is enhanced, as in the first form. 

Furthermore, the presence of the floating p"* body region 150 in the second form 
promotes carrier recombination to produce the greater effect of suppressing the floating- 

25 substrate effect than the first form. 
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«Twelfth Preferred Embodiinent» 
<First Form> 

Fig. 78 is a plan view of a first form of the semiconductor device having the 
SOI structure according to a twelfth preferred embodiment of the present invention. Fig. 
79 is a cross-sectional view taken along the line C-C of Fig. 78. 

As illustrated in Figs. 78 and 79, an NMOS transistor has a drain region 153, a 
source region 154 and a gate electrode 155, and a p* body region 156 is disposed adjacent 
to the source region 154 of the NMOS transistor. The source region 154 and the body 
region 156 are electrically connected to an aluminum interconnect layer 160 through a 
contact 158. 

The drain region 153 is electrically connected to an aluminum interconnect 
layer 159 through a contact 157. A partial isolation region 161 surrounds the drain 
region 153, the source region 154 and the body region 156. 

As depicted in Fig. 79, the partial isolation region 161 includes an oxide film 
162 and a p" well region 177. For ease of connection between the source region 154 and 
the body region 156, a silicide layer 163 is formed over the top surfaces of the source 
region 154 and the body region 156, and the contact 158 is formed on the silicide layer 
163. Part of the SOI layer 3 which underlies a gate oxide film 178 for the gate electrode 
155 serves as a channel formation region 170. 

In such a construction, the aluminum interconnect layer 160 fixes the electric 
potentials of the source region 154 and the body region 156 at the ground level to fix the 
well region 177 at the same potential as the source region 154, thereby fixing the electric 
potential of the channel formation region 170 through the well region 177. 

In the first form of the twelfth preferred embodiment, the source region 154 and 
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the body region 156 are arranged adjacent to each other as shown in Figs. 78 and 79, 
thereby increasing the degree of integration. 

A PMOS transistor may be similarly constructed except that the electric 
potentials of a source region and a body region are fixed at the power supply level. 

<Second Form> 

Fig. 80 is a plan view of a second form of the semiconductor device having the 
SOI structure according to the twelfth preferred embodiment of the present invention. 
Fig. 81 is a cross-sectional view taken along the line D-D of Fig. 80. 

As illustrated in Figs. 80 and 81, a p"** body region 164 is disposed adjacent to 
the source region 154. The source region 154 and the body region 164 are electrically 
connected to an aluminum interconnect layer 166 through a contact 165. The contact 
165 is formed in contact with the source region 154 and the body region 164. The 
partial isolation region 161 surrounds the drain region 153, the source region 154 and the 
body region 164. 

With reference to Fig. 81, a silicide layer 167 is formed on the source region 
154, and the contact 165 is formed on the body region 164 and part of the silicide layer 
167. The remaining structure of the second form shown in Figs. 80 and 81 is similar to 
that of the first form shown in Figs. 78 and 79. 

In such a construction, the aluminum interconnect layer 166 fixes the electric 
potentials of the source region 154 and the body region 164 at the ground level to fix the 
well region 177 at the same potential as the source region 154, thereby fixing the electric 
potential of the channel formation region 170 through the well region 177. 

In the second form of the twelfth preferred embodiment, the source region 154 
and the body region 164 are arranged adjacent to each other as shown in Figs. 80 and 81, 
thereby increasing the degree of integration. 
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<Third Foipi> 

Referring to Fig. 82, the body region 164 is provided in a region which is 
normally part of the source region 154 and which is adjacent to the partial isolation region 
161, and the contact 165 is formed on the source region 154. This produces effects 
5 similar to those of the second form. 

In the third form of the twelfth preferred embodiment, the body region 164 is 
contained within the region which is to serve as part of the source region 154 as shown in 
Fig. 82, thereby further increasing the degree of integration as compared with the first and 
second forms. 

10 

«Thirteenth Preferred Embodiment» 

Fig. 83 is a cross-sectional view of the semiconductor device having the SOI 
structure according to a thirteenth preferred embodiment of the present invention. As 
shown in Fig. 83, a partial isolation region including an oxide film 173 and a well region 

15 (having a pair of p regions 174 and 175 and a p' region 176) formed beneath the oxide 
film 173 provides isolation between n* active regions 171 and 172. The n* active 
regions 171 and 172 correspond to, for example, source and drain regions of a transistor, 
respectively. The p regions 174 and 175 serve as peripheral regions of the well region 
adjacent to the n* active regions 171 and 172, and the p region 176 serves as a central 

20 region of the well region. 

Thus, the thirteenth preferred embodiment is adapted such that the impurity 
concentration of the p regions 174 and 175 adjacent to the n"" active regions 171 and 172, 
respectively, is higher than that of the p" region 176, to enhance resistance to punch- 
through in the partial isolation region. 

25 The p regions 174 and 175 may be manufactured as shown in Fig. 83 by 
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implanting boron ions or BF2 ions to reach the well region by the oblique-rotating ion 
implantation technique after a p' well region is formed beneath the oxide film 173. 

For example, boron (B) ions may be implanted at an energy of 20 keV, at an 
angle of 45 degrees and at a dose of 4 X 10^^ /cml With a low implant energy for B 
and BF2 (e.g, an implant energy of 20 keV for BF2), the p regions 174 and 175 are formed 
adjacent to the n"" active regions 171 and 172 by accelerated diffusion resulting from 
lattice defects which occur when an n^ impurity is implanted. 

«Fourteenth Preferred Embodiment» 
<First Form> 

Fig. 84 is a cross-sectional view of a first form of the semiconductor device 
having the SOI structure according to a fourteenth preferred embodiment of the present 
invention. As shown in Fig. 84, an NMOS transistor formed in the SOI layer 3 
overlying the buried oxide film 2 on the silicon substrate 1 and comprising a drain region 
183, a source region 184, a gate oxide film 185, a gate electrode 186 and a channel 
formation region 187 is partially isolated by a partial isolation region including an oxide 
film 181 and a well region 182. 

Referring to the right-hand part of Fig. 84, the semiconductor device of Fig. 84 
is designed such that a comparison between an impurity concentration profile for the 
drain region 183 and the source region 184 and an impurity concentration profile for the 
well region 182 shows that an impurity concentration peak for the well region 182 is 
deeper from the surface of the SOI layer 3 than an impurity concentration peak for the 
drain region 183 and the source region 184. 

In the semiconductor device of the first form of the fourteenth preferred 
embodiment, the PN junction of the drain and source regions 183, 184 and the well 
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region 182 may be formed in a location where the impurity concentration of the drain and 
source regions 183, 184 and the impurity concentration of the well region 182 are both 
low in the impurity concentration profiles . This increases the breakdown voltage of the 
PN junction of the drain and source regions 183, 184 and the well region 182, 
<Second Form> 

Fig. 85 is a cross-sectional view of a second form of the semiconductor device 
having the SOI structure according to the fourteenth preferred embodiment of the present 
invention. The semiconductor device of the second form shown in Fig. 85 is similar in 
construction to that of the first form. 

Referring to the right-hand part of Fig. 85, the semiconductor device of Fig. 85 
is designed such that a comparison between an impurity concentration profile for the well 
region 182 and an impurity concentration profile for the channel formation region 187 
shows that an impurity concentration peak for the well region 182 is shallower from the 
surface of the SOI layer 3 than an impurity concentration peak for the channel formation 
region 187. For example, when ion implantation is performed with the top surface of 
the oxide film 181 for partial isolation positioned above the surface of the SOI layer 3 to 
simultaneously form the well region 182 and the channel formation region 187, the 
impurity concentration profile for the channel formation region 187 automatically 
exhibits the peak deeper than the peak of the well region 182. 

In the semiconductor device of the second form of the fourteenth preferred 
embodiment, the impurity concentration of the surface of the channel formation region 
187 is sufficiently lowered to prevent a threshold voltage from exceeding a desired value. 

«Fifteenth Preferred Embodiment» 
<First Form> 
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Fig. 86 is a cross-sectional view of a first form of the semiconductor device 
having the SOI structure according to a fifteenth preferred embodiment of the present 
invention. As illustrated in Fig, 86, n"" active regions 191 to 193 are selectively formed 
in the SOI layer 3 overlying the buried oxide film 2 on the silicon substrate 1, A 
complete isolation region 209 provides isolation between the n"" active regions 191 and 
192, and a partial isolation region 219 provides isolation between the n"" active regions 
192 and 193. 

The complete isolation region 209 includes an oxide film 188 and a well region 
(having a pair of p well regions 194, 195 and a pair of p well regions 196, 197) formed 
beneath the oxide film 188. The oxide film 188 has a central complete insulation part 
229 extending through the SOI layer 3 to provide complete isolation between the n"" 
active regions 191 and 192, The partial isolation region 219 includes an oxide film 189 
and a p' well region 198 lying beneath the oxide film 189, 

The well region beneath the oxide film 188 is designed such that the impurity 
concentration of the p well regions 196, 197 adjacent to the complete insulation part 229 
is higher than that of the other regions 194, 195. 

In the vicinity of the complete insulation part 229, there is a strong likelihood 
that undesirable conditions occur, for example, stresses applied to the SOI layer 3 develop 
electric charge and punch-through is prone to occur due to segregation of impurities into 
the oxide film. 

However, the p well regions 196, 197 having a relatively high impurity 
concentration are provided adjacent to the complete insulation part 229 to decrease the 
likelihood of the undesirable conditions in the first form of the fifteenth preferred 
embodiment. 

<Second Form> 
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Fig. 87 is a plan view of a second form of the semiconductor device having the 
SOI structure according to the fifteenth preferred embodiment of the present invention. 
As shown in Fig. 87, partial isolation regions 204 to 207 surround an NMOS transistor 
including a drain region 201, a source region 202 and a gate electrode 203, A complete 
isolation region 208 surrounds the partial isolation regions 204 to 207. 

The partial isolation regions 204 to 207 are arranged such that the p well 
regions 206 and 207 having a relatively high impurity concentration are disposed adjacent 
to the gate electrode 203 and the p" well regions 204 and 205 having a relatively low 
impurity concentration are disposed in other regions in contact with the drain region 201 
and the source region 202. 

In the arrangement of the second form of the fifteenth preferred embodiment, 
the p" well regions 204 and 205 reduce the PN junction capacitance and the p well 
regions 206 and 207 prevent punch-through, 

«Sixteenth Preferred Embodiment» 
<First Form> 

Fig. 88 is a cross-sectional view of a first form of the semiconductor device 
having the SOI structure according to a sixteenth preferred embodiment of the present 
invention. As illustrated in Fig. 88, an oxide film 211 for a partial isolation region is 
formed in the SOI layer 3 overlying the buried oxide film 2 on the silicon substrate 1. 

The optimization of the isolation shape requires the reduction in isolation width 
and the alleviation of stresses applied to the SOI layer to be kept in balance. For 
reduction in isolation width, it is desired that an oxide film for a partial isolation region is 
shaped to have a steeper curvature (or a smaller radius of curvature) in its corner part and 
to have a surface extending in a depth direction which is as nearly vertical as possible. 
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For stress alleviation, on the other hand, it is desired that the comer part of the oxide film 
has a gentler curvature (or a greater radius of curvature). Additionally, a bird's beak is 
preferably as small as possible to ensure the effective width of an active region. 

From such a viewpoint, the cross-sectional shape of the oxide film 211 of the 
first form is such that a bird^s beak shape FA (protrusion) at a surface comer has a steeper 
curvature for reduction in isolation width and a bottom comer shape FC has a gentler 
curvature for stress alleviation. For reduction in isolation width, it is desirable that at 
least part of a side surface shape FB extending in the depth direction is as nearly vertical 
as possible. 

<Second Form> 

Fig. 89 is a cross-sectional view of a second form of the semiconductor device 
having the SOI structure according to the sixteenth preferred embodiment of the present 
invention. As illustrated in Fig. 89, an oxide film 212 for a complete isolation region is 
formed in the SOI layer 3 overlying the buried oxide film 2 on the silicon substrate 1. 

From a viewpoint similar to that of the first form, the cross-sectional shape of 
the oxide film 212 includes the shapes FA, FB, FC similar to those of the first form. 
Additionally, a stepped part shape FD defined between a complete insulation part at a 
bottom and a partial isolation part has a steeper curvature than that of the shape FC to 
reduce the isolation width. 

«Seventeenth Preferred Embodiment» 
<First Form> 

Fig. 90 is a cross-sectional view of a first form of the semiconductor device 
having the SOI stracture according to a seventeenth preferred embodiment of the present 
invention. The first form of the seventeenth preferred embodiment provides a circuit 
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shown in Fig. 91. Referring to Fig. 91, a circuit configuration of the first form includes 

a spiral inductor 199 connected between a gate electrode of a transistor Q21 for an analog 

circuit and a first electrode of a transistor Q22 for an analog circuit. 

With reference to Fig. 90, the buried oxide film 2 is formed on a high-resistance 
5 silicon substrate 200, and the transistors Q21 and Q22 are manufactured into the SOI 

layer 3 overlying the buried oxide film 2. 

Each of the transistors Q21 and Q22 includes the drain region 5, the source 

region 6, the channel formation region 7, the gate oxide film 8 and the gate electrode 9. 

An oxide film 210 having a relatively large area provides complete isolation between the 
10 transistors Q21 and Q22. The oxide film 33 having a relatively small area provides 

complete isolation between each of the transistors Q21, Q22 and its surrounding region. 

The well regions 29 are formed in lower parts of the oxide films 210 and 33, 

The interlayer insulation film 4 is formed on the entire surface of the SOI layer 

3 including the transistors Q21 and Q22. A JBrst interconnect layer 221 is selectively 
15 formed on the interlayer insulation film 4. Parts of the first interconnect layer 221 are 

electrically connected to the drain regions 5 and the source regions 6 of the transistors 

Q21 and Q22 through contact holes 244. 

An interlayer insulation film 220 is formed on the entire surface of the 

interlayer insulation film 4 including the first interconnect layer 221. A second 
20 interconnect line 222 is selectively formed on the interlayer insulation film 220. Part of 

the second interconnect line 222 forms the spiral inductor 199. Parts of the second 

interconnect line 222 are electrically connected to associated parts of the first interconnect 

layer 221 (221A) through contact holes 254, respectively. The gate electrode 9 of the 

transistor Q21 is connected to the first interconnect layer part 221A through a contact 
25 hole formed through the interlayer insulation film 4 although not shown in Fig. 90. 
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Such a construction of the first form has a complete insulation region including 
the oxide film 210 and the well regions 29 under the spiral inductor 199 to reduce a 
parasitic capacitance associated with the spiral inductor 199. Specifically, if an isolation 
region under the spiral inductor 199 is a partial isolation region including an oxide film 
and a well region, a parasitic capacitance is generated between the well region and the 
spiral inductor 199 to decrease a performance index Q (an energy loss to store ratio), 
resulting in energy losses, in which case desired inductance performance is not achieved. 
The construction of the first form eliminates such undesirable conditions. 

The use of the high-resistance silicon substrate 200 as an underlying substrate 
of the SOI substrate in the first form reduces power losses due to eddy current and 
capacitance, reduces the parasitic capacitance, and increases the performance index Q. 

Since analog circuits are required to be kept free from extraneous noises, the 
oxide film 210 or the oxide film 33 completely isolate the transistors Q21 and Q22 for 
analog circuits from their surrounding regions to electrically cut off the transistors Q21 
and Q22 from the exterior, thereby increasing performance. 

Although not shown in Fig. 90, if a partial isolation region is formed under a 
pad, a large parasitic capacitance is prone to be generated as in the case of the spiral 
inductor to result in power losses. It is therefore desirable that a complete isolation 
region is provided under the pad as well as under the spiral inductor 199. 
<Second Form> 

Fig. 92 is a cross-sectional view of a second form of the semiconductor device 
having the SOI structure according to the seventeenth preferred embodiment of the 
present invention. The second form of the seventeenth preferred embodiment, similar to 
the first form, provides the circuit shown in Fig. 91. 

As illustrated in Fig. 92, an oxide film 218 having a relatively large area, and a 
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high-resistance region 223 and well regions 224 which are formed beneath the oxide film 
218 provide partial isolation between the transistors Q21 and Q22. The oxide film 31 
having a relatively small area and the well region 11 (12) formed beneath the oxide film 
31 provide partial isolation between each of the transistors Q21, Q22 and its surrounding 
5 region. 

The high-resistance region 223 occupies most of the area beneath the oxide film 
218, and the well regions 224 occupy a small peripheral area. The remaining structure 
of the second form is similar to that of the first form shown in Fig. 90. 

In the second form of the seventeenth preferred embodiment, while the partial 
10 isolation is provided, the oxide film 218 and the high-resistance region 223 occupy 
almost all part of the partial isolation region under the spiral inductor 199, This 
sufficiently suppresses the parasitic capacitance associated with the spiral inductor 199, 

The high-resistance region 223 may be manufactured in such a manner that no 
impurities are introduced into the high-resistance region 223, Alternatively, the method 
15 of manufacturing the high-resistance region 223 may comprises the steps of implanting 
silicon ions at a dose as high as about 1 X 10^*^ /cm^, for example, to render a lower 
region of the oxide film amorphous, and then heating the lower region to form a 
polysilicon layer serving as the high-resistance region 223, 

20 «Eighteenth Preferred Embodiment» 

Fig. 93 is a plan view of the semiconductor device having the SOI structure 
according to an eighteenth preferred embodiment of the present invention. As shown in 
Fig. 93, a complete isolation region 240 provides complete isolation between DT-MOS 
transistor regions 225 and 226. A DT-MOS transistor is a MOS transistor having a gate 

25 electrode and a body region (channel formation region) which are at the same potential. 
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Each of the DT-MOS transistor regions 225 and 226 includes an n"" NMOS 
active region 232 and a p*" body region 234 which are formed in a p well region 231 (a 
partial isolation region 230). The NMOS active region 232 is connected to interconnect 
layers 239 through contacts 238. A gate electrode 233 formed in a mid portion of the 
NMOS active region 232 is electrically connected to an interconnect layer 237 through a 
contact 235 (gate contact). The body region 234 is electrically connected to the 
interconnect layer 237 through a contact 236 (body contact). 

The interconnect layer 237 is used to set the gate electrode 233 and the body 
region 234 at the same potential to decrease an on-state threshold voltage, increasing the 
operating speed of the semiconductor device. 

Thus, according to the eighteenth preferred embodiment, the electric potential 
of the channel formation region is fixed through the body region 234 and the well region 
231, and the complete isolation region 240 provides complete isolation between the DT- 
MOS transistor regions 225 and 226. Therefore, a high-performance DT-MOS 
transistor is formed relatively easily. The body contact and the gate contact may be 
replaced with a shared contact which is commonly connected to the gate electrode 233 
and the body region 234. 

«Nineteenth Preferred Embodiment» 

Fig. 94 is a cross-sectional view of the semiconductor device having the SOI 
structure according to a nineteenth preferred embodiment of the present invention. 

As shown in Fig. 94, in a transistor formation region 227 in which a transistor 
having a relatively small gate width W is to be formed, MOS transistors are formed each 
comprising a drain region 245, a source region 246, a channel formation region 247, a 
gate oxide film 248 and a gate electrode 249. The partial oxide film 31 and the well 
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region 11 (12) provide partial isolation between the MOS transistors. The full oxide 
film 32 completely isolates the MOS transistors from their surrounding regions. 

The interlayer insulation film 4 is formed on the entire surface of the SOI layer 
3 including the MOS transistors in the transistor formation region 227. An interconnect 
layer 242 is selectively formed on the interlayer insulation film 4. The interconnect 
layer 242 is electrically connected to the drain and source regions 245 and 246 through 
contact holes 241, 

In a transistor formation region 228 in which a transistor having a relatively 
large gate width W is to be formed, MOS transistors are formed each comprising a drain 
region 255, a source region 256, a channel formation region 257, a gate oxide film 258 
and a gate electrode 259. The partial oxide film 31 and the well region 11 (12) provide 
partial isolation between the MOS transistors. The full oxide film 32 completely 
isolates the MOS transistors from their surrounding regions. 

The interlayer insulation film 4 is formed on the entire surface of the SOI layer 
3 including the MOS transistors in the transistor formation region 228. An interconnect 
layer 252 is selectively formed on the interlayer insulation film 4. The interconnect 
layer 252 is electrically connected to the drain and source regions 255 and 256 through 
contact holes 251. 

The depth of the drain and source regions 245 and 246 in the transistor 
formation region 227 having the relatively small gate width W is controlled so that at 
least part of a depletion layer 243 extending from the source/drain reaches the buried 
oxide film 2 in the built-in state, thereby reducing the junction capacitance. The depth 
of the drain and source regions 245 and 246 may be controlled to reach the buried oxide 
film 2. 

On the other hand, the depth of the drain and source regions 255 and 256 in the 
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transistor formation region 228 having the relatively large gate width W is controlled so 
that a depletion layer 253 extending from the source/drain does not reach the buried oxide 
film 2 in the built-in state, thereby ensuring the fixing of the electric potential of the 
channel formation region 257. 

The two types of drain/source regions in the transistor formation regions 227 
and 228 are manufactured by implanting impurities at different implant energies for 
source/drain formation or by implanting impurities at different doses for NUDC (non- 
uniformly doped channel) formation. 

Alternatively, the process for manufacturing the two types of drain/source 
regions may comprise the steps of forming the source/drain regions having a depth which 
does not allow the depletion layer to reach the buried oxide film 2 in the built-in state, 
and thereafter additionally implanting impurities again so that only the source/drain 
regions in the transistor formation region 227 become deeper. 

«Twentieth Preferred Embodiment» 
<First Form> 

Fig. 95 is a cross-sectional view of a first form of the semiconductor device 
having the SOI structure according to a twentieth preferred embodiment of the present 
invention. As shown in Fig. 95, n"" regions 261 and 262 are selectively formed in the 
SOI layer 3 overlying the buried oxide film 2 on the silicon substrate 1. A partial 
isolation region including a p' region 263 and an oxide film 264 is provided between the 
n^ regions 261 and 262. The n"" regions 261, 262, the p" region 263 and the oxide film 
264 constitute a field transistor. The field transistor has a structure such that a gate part 
(a gate oxide film and a gate electrode) of a MOS transistor is replaced with an oxide 
film. 
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In the first form of the twentieth preferred embodiment, the structure of the 
partial isolation region including the p" region 263 and the oxide film 264 is used to 
constitute the field transistor. The field transistor is applicable to a device for a 
protective circuit and the like. 

5 The gate part of the field transistor according to the twentieth preferred 

embodiment is basically similar in construction to the partial isolation region. Therefore, 
the gate part and the partial isolation region may be constructed at the same time, 
whereby the field transistor is formed relatively easily. 

Fig. 96 is a circuit diagram of an input part of a circuit to which field transistors 

10 are applied. As illustrated in Fig, 96, a field transistor Q31 has a first electrode 
connected to the external input terminal PI and a second electrode grounded. A field 
transistor Q33 is connected between a power supply and a ground. The remaining 
structure of Fig. 96 is similar to that shown in Fig. 66, and the description thereon will be 
omitted herein. 

15 Thus, the field transistor Q31 serves as a protective circuit between the external 

input terminal PI and the ground level, and the field transistor Q33 provides a parasitic 
diode path between the power supply and the ground level. 

Fig. 97 is a circuit diagram of an output part of a circuit to which field 
transistors are applied. As illustrated in Fig. 97, a field transistor Q32 has a first 

20 electrode connected to the external output terminal P4 and a second electrode grounded. 
A field transistor Q34 is connected between a power supply and a ground. The 
remaining structure of Fig. 97 is similar to that shown in Fig. 67, and the description 
thereon will be omitted herein. 

Thus, the field transistor Q32 serves as a protective circuit between the external 

25 output terminal P4 and the ground level, and the field transistor Q34 provides a parasitic 
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diode path between the power supply and the ground level. 

The field transistors preferably have an NMOS-like structure as shown in Fig. 
95 because of its high discharge capability, but a PMOS-like structure may be also used 
in which case a field transistor should be connected between a power supply and the 
5 external input terminal PI in place of the field transistors 031, Q32. 
<Second Form> 

Fig. 98 is a cross-sectional view of a second form of the semiconductor device 
having the SOI structure according to the twentieth preferred embodiment of the present 
invention. As shown in Fig. 98, a full oxide film 265 surrounds the n"" regions 261 and 
10 262 to completely isolate the n^ regions 261 and 262 from their surrounding regions. 
The remaining structure of Fig. 98 is similar to that of the first form shown in Fig. 95, and 
the description thereon will be omitted herein. 

The second form, in which the full oxide film 265 surrounds the entire field 
transistor, is expected to produce great effects in noise removal and the like. Further, 
15 when the field transistor is used as a protective circuit, the second form can reliably 
prevent a parasitic path of current to other constituents. 
<Third Form> 

Fig. 99 is a plan view of a third form of the semiconductor device having the 
SOI structure according to the twentieth preferred embodiment of the present invention. 
20 A plurality of n"" regions 261 and 262 are arranged alternately. The oxide film 264 and 
the p" region 263 provide partial isolation between adjacent ones of the n"* regions 261, 
262, and the full oxide film 265 completely isolates the n"" regions 261, 262 from their 
surrounding regions. 

The plurality of n"^ regions 261 are commonly connected to a connecting 
25 terminal PI 1, and the plurality of n"" regions 262 are commonly connected to a connecting 
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terminal P12. Thus, the plurality of n"" regions 261 and 262 ananged in a pectinate 
configuration are connected electrically in parallel to enhance the discharge capability 
thereof. 

<ModijScation> 

The depth of the source/drain regions (n"" regions 261, 262) of the field 
transistor need not reach the buried oxide film 2 but may be controlled to allow the 
depletion layer to reach the buried oxide film 2. 

«Additional Modifications» 

The process for causing the source/drain regions to reach the buried oxide film 
may employ the conventional technique of implanting impurities sufficiently deep to form 
the source/drain regions or implanting impurities to provide a deep impurity 
concentration peak after implanting impurities to provide a shallow impurity 
concentration peak. 

This process, however, fails to provide the impurity concentration peak at a 
shallow position in the source/drain regions and an impurity distribution deep enough to 
extend through the SOI layer 3 as in the first form of the fourteenth preferred embodiment 
shown in Fig. 85. 

Therefore, a method of implanting impurities at an angle close to zero degree 
and at a sufficiently low implant energy may be applied to provide an impurity 
concentration peak at a relatively shallow position in the SOI layer 3 as denoted by the 
reference character LI of Fig. 100, whereas a tail profile resulting from channeling 
provides an impurity distribution as denoted by the reference character L2 of Fig. 100 in 
which the impurities extend through the SOI layer 3 to reach the buried oxide film 2. 

While the invention has been described in detail, the foregoing description is in 
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all aspects illustrative and not restrictive, 
modifications and variations can be devised 
invention. 



It is understood that numerous other 
without departing from the scope of the 
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What is claimed is: 

1. A semiconductor device having an SOI structure including a semiconductor 
substrate, a buried insulation layer and an SOI layer, said semiconductor device 
comprising: 

a plurality of device formation regions in which predetermined devices are to be 
formed respectively, said plurality of device formation regions being provided in said SOI 
layer; 

at least one isolation region provided in said SOI layer for insulatively isolating 
said plurality of device formation regions from each other; and 

a body region provided in said SOI layer and capable of externally fixing 
electric potential, 

wherein at least part of said at least one isolation region includes a partial 
isolation region having a partial insulation region formed in an upper part thereof and a 
semiconductor region formed in a lower part thereof, said semiconductor region serving 
as part of said SOI layer and being formed in contact with at least one of said plurality of 
device formation regions and said body region. 

2, The semiconductor device according to claim 1, 

wherein said plurality of device formation regions include a plurality of first 
device formation regions for a first device, and a plurality of second device formation 
regions for a second device; said at least one isolation region further includes a complete 
isolation region having a complete insulation region extending through said SOI layer; 
and said partial isolation region includes first and second partial isolation regions, and 

wherein said plurality of first device formation regions are isolated from each 



90 

Other by said first partial isolation region, said plurality of second device formation 
regions are isolated from each other by said second partial isolation region, and said 
plurality of first device formation regions and said plurality of second device formation 
regions are isolated from each other by said complete isolation region. 

3. The semiconductor device according to claim 1, 

wherein said plurality of device formation regions include a plurality of device 
formation regions for a first circuit and a plurality of device formation regions for a 
second circuit, and 

wherein said plurality of device formation regions for said first circuit are 
isolated from each other by a complete isolation region extending through said SOI layer, 
and said plurality of device formation regions for said second circuit are isolated from 
each other by said partial isolation region. 

4. The semiconductor device according to claim 1, 

wherein said plurality of device formation regions include a device formation 
region for a predetermined circuit, and a device formation region for a circuit other than 
said predetermined circuit, and 

wherein said device formation region for said predetermined circuit and said 
device formation region for said circuit other than said predetermined circuit are isolated 
from each other by a complete isolation region extending through said SOI layer. 

5. The semiconductor device according to claim 1, 

wherein said at least one isolation region includes a plurality of isolation 
regions, and at least one of said plurality of isolation regions has a predetermined width 
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and extends substantially perpendicularly to a surface of said semiconductor substrate. 

6. A semiconductor device having an SOI structure including a semiconductor 
substrate, a buried insulation layer and an SOI layer, said semiconductor device 
comprising: 

a plurality of device formation regions in which predetermined devices are to be 
formed respectively, said plurality of device formation regions being provided in said SOI 
layer; 

at least one isolation region provided in said SOI layer for insulatively isolating 

said plurality of device formation regions from each other; and 

a body region capable of externally fixing electric potential, 

wherein said body region is formed in contact with one of top and bottom 

surfaces of at least one of said plurality of device formation regions. 

7. The semiconductor device according to claim 1, 

wherein at least part of said at least one isolation region further comprises a 
combined isolation region including said partial isolation region and a complete 
insulation region extending through said SOI layer, said partial isolation region and said 
complete insulation region being continuous with each other. 

8. The semiconductor device according to claim 7, 

wherein said partial isolation region has a flat and even top surface. 

9. The semiconductor device according to claim 7, 

wherein said semiconductor region of said combined isolation region has a 
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thickness which is not greater than one-half the thickness of said SOI layer. 

10. The semiconductor device according to claim 7, 

wherein said complete insulation region of said combined isolation region has a 
width which is not greater than one-half the width of said combined isolation region. 

11. The semiconductor device according to claim 1, 

wherein said at least one isolation region further includes a complete isolation 
region having a complete insulation region extending through said SOI layer, 

wherein said plurality of device formation regions include an input/output 
NMOS transistor formation region and an input/output PMOS transistor formation region 
which are disposed adjacent to each other, and 

wherein said complete isolation region is formed at least in the vicinity of a 
boundary between said input/output NMOS transistor formation region and said 
input/output PMOS transistor formation region. 

12. The semiconductor device according to claim 11, 

wherein said plurality of device formation regions further include an internal 
circuit formation region disposed adjacent to one of said input/output NMOS transistor 
formation region and said input/output PMOS transistor formation region, and 

wherein said complete isolation region is further formed in the vicinity of a 
boundary between said internal circuit formation region and one of said input/output 
NMOS transistor formation region and said input/output PMOS transistor formation 
region which is disposed adjacent to said internal circuit formation region. 
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13, The semiconductor device according to claim 1, 

wherein said at least one isolation region further includes a complete isolation 
region having a complete insulation region extending through said SOI layer, 

wherein said plurality of device formation regions include an NMOS transistor 
formation region and a PMOS transistor formation region which are disposed adjacent to 
each other, 

wherein said complete isolation region is formed in a complete isolation region 
formation location situated within said PMOS transistor formation region in the vicinity 
of a boundary between said NMOS transistor formation region and said PMOS transistor 
formation region, and 

wherein said partial isolation region surrounds said NMOS transistor formation 
region and said PMOS transistor formation region except in said complete isolation 
region formation location. 

14, The semiconductor device according to claim 1, 

wherein said plurality of device formation regions include a transistor 
formation region of a first conductivity type, 

wherein said partial isolation region includes a peripheral partial isolation 
region surrounding said transistor formation region, and 

wherein said body region includes a peripheral body region of a second 
conductivity type surrounding said peripheral partial isolation region. 

15, The semiconductor device according to claim 1, 

wherein said plurality of device formation regions include a MOS transistor 
formation region, and 
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wherein said body region includes an adjacent-to-source body region disposed 
adjacent to a source region of said MOS transistor formation region, 
said senaiconductor device further comprising 

an electric potential setting region commonly connected to said source region 
and said adjacent-to-source body region, 

16. The semiconductor device according to claim 1, 

wherein said semiconductor region of said partial isolation region includes first 
and second partial semiconductor regions, and 

wherein the impurity concentration of said first partial semiconductor region 
is higher than that of said second partial semiconductor region. 

17. The semiconductor device according to claim 1, 

wherein said plurality of device formation regions include a MOS transistor 
formation region of a first conductivity type, and said semiconductor region of said partial 
isolation region includes a region of a second conductivity type, and 

wherein a peak of the impurity concentration of said semiconductor region of 
said partial isolation region is deeper from a surface of said SOI layer than a peak of the 
impurity concentration of a drain/source region formed in contact with said 
semiconductor region in said MOS transistor formation region. 

18. The semiconductor device according to claim 1, 

wherein said plurality of device formation regions include a MOS transistor 
formation region, and 

wherein a peak of the impurity concentration of a channel formation region of 
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said MOS transistor formation region is deeper from a surface of said SOI layer than a 
peak of the impurity concentration of said semiconductor region of said partial isolation 
region. 

19. The semiconductor device according to claim 1, 

wherein said partial isolation region has a surface comer part and a bottom 
corner part, said bottom comer part having a radius of curvature greater than that of said 
surface comer part. 

20. The semiconductor device according to claim 7, 

wherein said partial insulation region of said combined isolation region has a 
bottom comer part and a stepped part defined between said complete insulation region 
and said partial insulation region, said stepped part having a radius of curvature less than 
that of said bottom comer part. 

21. The semiconductor device according to claim 1, 

wherein said at least one isolation region further includes a complete isolation 
region having a complete insulation region extending through said SOI layer, 
said semiconductor device further comprising 

an inductance element formed in an inductance formation region lying in an 
upper part of said SOI layer, 

wherein said complete isolation region is formed under said inductance 

formation region. 

22. The semiconductor device according to claim 1, 
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wherein said plurality of device formation regions include a MOS transistor 
fomaation region, and said body region includes a gate-connected body region electrically 
connected to a gate electrode of a MOS transistor formed in said MOS transistor 
formation region, and 

wherein said partial isolation region surrounds said MOS transistor formation 

region. 

23. A semiconductor device having an SOI structure including a semiconductor 
substrate, a buried insulation layer and an SOI layer, said semiconductor device 
comprising: 

a device formation region in which a predetermined device is to be formed, said 
device formation region being provided in said SOI layer; and 

a peripheral isolation region provided in said SOI layer and surrounding said 
device formation region, said peripheral isolation region including a partial isolation 
region having a partial insulation region formed in an upper part thereof and a 
semiconductor region formed in a lower part thereof and serving as part of said SOI layer, 

wherein said semiconductor region is formed in contact with said device 
formation region and is floating. 



97 



ABSTRACT OF THE DISCLOSURE 



A partial oxide film (31) with well regions formed therebeneath isolates 
transistor formation regions in an SOI layer (3) from each other. A p-type well region 
(11) is formed beneath part of the partial oxide film (31) which isolates NMOS transistors 
from each other, and an n-type well region (12) is formed beneath part of the partial oxide 
film (31) which isolates PMOS transistors from each other. The p-type well region (11) 
and the n-type well region (12) are formed in side-by-side relation beneath part of the 
partial oxide film (31) which provides isolation between the NMOS and PMOS 
transistors, A body region is in contact with the well region (11) adjacent thereto. An 
interconnect layer formed on an interlayer insulation film (4) is electrically connected to 
the body region through a body contact provided in the interlayer insulation film (4). A 
semiconductor device having an SOI structure reduces a floating-substrate effect. 
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m^r^m^) cities ;h.^L/'Co 



As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated 
next to my name. 

I believe I am the original, first and sole inventor (if only one 
name is listed below) or an original, first and joint Inventor (if 
plural names are listed below) of the subject matter which is 
claimed and for which a patent is sought on the Invention 
entitled. 

SEmCONIDUCTQR DEVICE, METHOD OF 

MANUFACTURING SAME AND METHOD OF 

DESIQSfING SAME 

the specification of which 

1^ is attached hereto. 

□ was filed on 

as United States Application Number or 

PCT International Application Number 

and was amended on 

(if applicable). 

I hereby state that I have reviewed and understand the 
contents of the above identified specification, including the 
claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material 
to patentability as defined in Title 37, Code of Federal 
Regulations, Section 1.56. 
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(Filing Date) 
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(Filing Date) 
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(Filing Date) 
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(Application No.) 

(ffiSS^) 
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I hereby claim foreign priority under Title 35, United States Code, 
Section 119 (a)-(d) or 365(b) of any foreign appilcatlon(s) for patent 
or inventor's certificate, or Section 365(a) of any PCT International 
application which designated at least one country other than the 
United States, listed below and have also identified below, by 
checking the box, any foreign application for patent or inventor's 
certificate, or PCT International application having a filing date 
before that of the application on which priority is claimed. 



December 24, 1998 
(Day/MonthA'ear Filed) 
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June 23, 1999 

(Day/Month/Year Filed) 

(ffiM^^H) 



Priority Claimed 



Yes 
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Yes 
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No 
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No 



! hereby claim the benefit under Title 35, United States Code, 
Section 1 1 9(e) of any United States provisional application(s) listed 
below. 



(Application No.) 
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(Filing Date) 
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I hereby claim the benefit under Title 35, United States Code, Section 
120 of any United States application(s), or Section 365(c) of any PCT 
International application designating the United States, listed below 
and, insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States or PCT 
Internationa! application in the manner provided by the first paragraph 
of Title 35, United States Code Section 112, I acknowledge the duty 
to disclose information which is material to patentability as defined in 
Title 37, Code of Federal Regulations, Section 1,56 which became 
available between the filing date of the prior application and the 
national or PCT International filing date of application. 

(Status: Patented, Pending, Abandoned) 
(Status: Patented, Pending, Abandoned) 
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I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, under 
Section 1001 of Trtle 18 of the United States Code and that such 
willful false statements may jeopardize the validity of the application 
or any patent Issued thereon, 
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POWER OF ATTORNEY: As a named inventor, I 
hereby appoint the following attorney(s) and/or 
agent(s) to prosecute this application and transact 
all business in the Patent and Trademark Office 
connected therewith {//'st name and registration 
number) 



Norman F. Obion, Registration Number 24,618; Marvin J. Spivak, Registration Number 24,913; C. Irvin McClelland, Registration 
Number 21,124; Gregory J. Maier, Registration Number 25,599; Arthur I. Neustadt, Registration Number 24,854; Richard D. KeUy, 
Registration N^ber 27,757; James D. Hamilton, Registration Number 28,421; Eckhard H. Kuesters, Registration Number 28,870; 
Robert T. Pons, Registration Number 29,099; Charles L. Gholz, Registration Number 26,395; Vincent J. Sunderdick, Registration 
Number 29 004- William E. Beaumont, Registration Number 30,996; Steven B. Kelber, Registration Number 30,073; Robert F. 
Gnuse Registration Number 27,295; Jean-Paul Lavalleye, Registration Number 31,451; Stephen G. Baxter, Registration Number 
32 884- Martin M Zoltick, Registration Number 35,745; Robert W. Hahl, Registration Number 33,893; Richard L Treanor, 
Registration Number 36,379; Steven P. Weihrouch, Registration Number 32,829; John T. Goolkasian, Registration Number 26,142; 
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Inve/itor's signature 





Date 
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Citizenship 
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Post Office Address 
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Date 

November 29 > 1999 
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Full name of thrid Joint inventor, if any ^^3^^^^^ IPPOSHI 1 




Third Inventor's signature „ Date 
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Residence TOKYO, JAPAN 
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Citizenship j^p^ 




Post Office Address o/o Mitsubishi Denki 
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Sknr.rL Hivctmc^e' November 29, 1999 




ResidenceSyi^:-^^^^^^^^ j^p^ 
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